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Summary
The microbiological flora of waters and dialysates used 
in human haemodialysis, were investigated by qualitative and 
quantitative methods over a five year period. The work was 
based on samples taken in the Brighton Renal Dialysis Unit, 
where only one type of haemodialysis machine, the Travenol 
R.S.P., was in use; for the purpose of comparison, samples 
were obtained from twenty-eight other dialysis centres using 
a variety of haemodialysis machines.
The species contaminating fluids were identified., and 
their source, and factors responsible for their persistence 
and proliferation, were investigated. Quantitative studies of 
contamination were related to the machine design, and to working 
practices in the unit.
The quality of mains waters, and treated waters produced 
by water purification plants used in haemodialysis, were 
investigated by microscopic and cultural methods. The endotoxin 
levels of waters, dialysates, and bacterial cultures, were 
investigated by the Limulus method which was modified in order 
to reduce the cost of quantitative studies.
The clinical relevance of microbiological data obtained in 
the study, was assessed by~studies of patients case notes and 
temperature recordings. The fluids and equipment used by 
several patients suffering from pyrexial episodes during haemo­
dialysis, were investigated by cultural methods and endotoxin 
assay; serological studies of these patients were also carried out.
Preface
'Rather I contend that the human kidney manufactures the 
kind of urine that it does, and it maintains the blood in 
the composition which that fluid has, because this kidney 
has a certain-Tunctional architecture; and it owes that 
architecture not to design or foresight or any plan, but to 
the.fact that the earth is an unstable sphere with a fragile 
crust, to the geologic revolutions that for six hundred 
million years have raised and lowered continents and seas, 
to the predacious enemies, and heat and cold, and storms and 
droughts,* the unending succession of vicissitudes that have 
driven the mutant vertebrates from sea into fresh water, into 
desiccated swamps, out upon the dry land, from one habitation 
to another, perpetually in search of the free and independent 
life, perpetually failing for one reason or another to find it
Homer Smith 1943.
"Evolution of the Kidney"
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INTRODUCTION
1. Kidney Function and Renal Failure
a. The functions of the kidneys
The removal of potentially toxic nitrogenous waste from 
the body, has in the course of animal evolution, been accomplished 
in several ways. Changes in the form arid function of animal 
species have sometimes made it necessary to modify excretory 
mechanisms in order to survive, and the product of these changes 
can now been seen as three distinct methods of removal of nitro­
genous waste from the body. Aquatic animals can remove waste in 
the form of ammonia by diffusion over the gill clefts and are said 
to be ammoniotelic - while those in which embryonic development 
takes place within a shell concentrate waste as insoluble uric 
acid and are said to be uricotelic. Viviparous vertebrates con­
vert ammonia to urea using the ornithine cycle and are said to be 
ureotelic, concentrating the urea in the kidneys and producing 
urine as the excretory product.
Man has two kidneys each weighing about 150 g, situated 
retroperitoneally on each side of the spine at the level of the 
third lumbar vertebra, which when sectioned transversely show a 
capsulated organ having an outer cortical and inner medullary 
region. Within the cortex of each kidney are approximately one 
million nephrons each having a glomerulus and tubule, and it is 
these nephrons which represent the main functional part of the 
kidney.
In health, some 25 per cent, of the cardiac output of blood 
perfuses the kidneys - that is some 1,200 ml per minute - from 
which the glomeruli produce a protein free plasma filtrate of 
about 125 ml volume, this being known as the glomerular filtration 
rate or G.F.R. The production of some 180 litres of glomerular
filtrate per day is necessary for the rapid removal of nitro­
genous waste which must be kept at normal, non toxic levels, 
in the plasma.
The tubules absorb most of the water from the filtrate 
together with other non toxic constituents such as glucosei and 
amino acids. They also excrete the 50-80 millimoles of mineral 
acid which are produced daily by metabolic activity, by exchanging 
NH4+ and hf1- ions for Na+ ions in the filtrate and thus have a 
major role in maintenance of plasma pH between 7.35-7.45.
The end product of normal kidney function in man is a daily 
output of 1-2 litres of urine containing 30 g urea, 2 g creatinine 
0.7 g uric acid, 15 g sodium chloride, and 13 g of other salts 
(mainly sulphates). In addition to these major constituents, 
normal urine contains a wide variety of substances in trace amounts 
including at least 200 products of nitrogen metabolism. Other 
dietary products such as pigments, antibiotics, and drugs , may 
also be excreted in an unchanged state in the urine in order to 
avoid accumulation to toxic levels in the tissues.
The kidneys have been described as the "ultimate guardians 
of the constitution of the internal environment" and while they 
have many functions such as erythropoesis and maintenance of blood 
pressure, it is their excretory function with which we are at 
present concerned. It is the principal function of the kidneys 
to manufacture urine from blood plasma, and to do this in such a 
way that the constituents of extracellular body fluids are kept 
at constant levels and show only minimal changes in volume, 
osmotic pressure, pH, and electrolyte concentration. Since the 
dietary intake of water and solutes are subject to considerable 
variation, the volume and composition of the urine produced will 
need to vary if homeostasis is to be achieved.
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b. Renal failure
Failure to excrete normal urine from the body may occur due 
to disease of the kidney cortex or from extrarenal disease. Thus 
failure of the blood circulation will prevent the production of 
glomerular filtrate by the kidney while obstruction of the urinary 
system at the level of ureter, bladdei* or urethra, will prevent 
the passage of urine produced by a normal kidney. If not corrected, 
extrarenal causes of renal failure will eventually cause disease 
of the kidney itself due to ischaemia or back pressure of urine.
In the absence of kidney function the nitrogenous products 
of protein metabolism will accumulate in the blood and tissue 
fluids giving rise to the condition known as uraemia. The term 
uraemia was first used by Poirry in 1840 to indicate "urine in 
the blood" which was thought at that time to be a form of poisoning 
due to the reabsorbtion of urine with symptoms which were ascribed 
to the raised levels of urea found in the plasma. Although this 
concept of toxicity of urea found wide acceptance until recent 
times, it is by no means clear that urea is a toxic substance even 
at elevated levels in plasma, since the elasmobranchs have tissue 
urea levels of 2,500 mg per cent, which help them to compensate 
for the high osmolarity of sea water. It is now thought that urea 
is not a particularly toxic substance, and experimental work has 
shown that artificial elevation of the blood urea to very high levels 
does not reproduce the clinical syndrome of uraemia (Wing and 
Magowan, 1975).
In view of the doubt which now surrounds the possible toxicity 
of urea, the term azotaemia has been suggested as a preferable 
alternative since it expresses the accumulation of all types of 
nitrogenous waste in the blood without attempting to suggest their 
relative clinical significance. However, the term uraemia remains
a clinically accepted description of this disease state, although 
failure to identify a single substance responsible for the symptoms 
seen in this state has led to a general acceptance that such 
symptoms are the product of the cumulative biological activity of 
more than one, as yet unidentified, nitrogenous products.
The term renal failure indicates a state of inadequate kidney 
function which is incompatible with life or normal health, and may 
be said to be reached when the adult urinary volume is less that 
750 ml per day, and the urine produced has a specific gravity of 
les_s_ than 1.016. This state may present as a sudden cessation of 
kidney function requiring immediate medical attention, when it is 
known as acute renal failure, or may be of insidious onset with a 
progressive decrease in the number of functioning nephrons, when 
it is known as chronic renal failure. Since, in a normal subject 
with two million nephrons, much of the renal capacity is super­
fluous, the early stages of chronic renal .failure may be entirely 
asymptomatic, and it is not until the number of functioning nephrons 
is reduced to a,critical level, that disease becomes apparent.
In both forms of renal failure there is an increase in the 
plasma concentrations of urea, indole, creatinine, uric acid, phos­
phate and sulphate, with a reduction in the plasma bicarbonate, pH, 
and calcium. In addition to these commonly measured parameters, 
more than 200 nitrogenous compounds have been shown to be present 
at elevated concentrations in the plasma of uraemic subjects.
(Gutch and Stoner, 1975). In acute renal failure the plasma 
potassium is increased, while in chronic renal failure the potassium 
level may be normal or decreased; abnormal potassium levels are 
particularly important due to the function of this ion in the action 
of cardiac muscle.
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The blood changes seen in renal failure are accompanied by 
a wide variety of clinical symptoms which may include anorexia, 
fatigue, apathy, mental dullness, hypertension, oedema, muscle 
twitching, pruritis, and cerebral seizures. Symptoms are subject 
to great variation, occur in no set sequence, vary in intensity, 
and only rarely does a single patient exhibit all possible symptoms. 
The erratic symptoms make it difficult to assess the efficiency of 
therapeutic measures, and even to differentiate the side effects 
of treatment from the disease itself.
Acute renal failure. This is of rapid onset, with complete--anuria, 
or oliguria of less than 400 ml per day. It may be pre renal in 
origin, or may be due to kidney disease such as reversible tubular 
necrosis. There is usually a pre disposing cause such as shock, 
septicaemia, head injury, severe dehydration, crush injury, severe 
burns, mismatched blood transfusion, complications of pregnancy, 
or the administration of nephrotoxic drugs or poisons.
The function of haemodialysis in acute renal failure is to 
keep the patient alive for the purpose of diagnosis, prognosis and 
treatment, or until such time as normal renal function is restored. 
In certain cases, such as severe head injuries, the treatment may 
be terminated, while in others the patient may be transferred to 
a regular haemodialysis programme.
Chronic renal failure. This is a progressive disease, which in 
its early stages, may often be controlled by dietary means by 
restricting the amount of protein, water, and electrolyte, con­
sumed by the patient. When the glomerular filtration rate falls 
below 50 per cent, of normal, dietary control alone is inadequate, 
and haemodialysis must be used.
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Chronic renal failure may be seen in glomerulonephritis, 
pyelonephritis, congenital polycystic kidneys, diabetic glomerulo­
sclerosis, hypertension, hydronephrosis, and many other diseases.
It is usually irreversible, and the decision to commence haemo­
dialysis is made in the knowledge that the treatment will be 
required for the remainder of the patient*s life, or until a 
successful kidney transplant has been established.
In the absence of complicating secondary illness, the average
patient may be expected i;o live for about eight years on this form
of treatment, although there are patients who are* still leading 
active lives after eighteen years dialysis.
c. The treatment of renal failure
The treatment of renal failure involves three therapeutic
aims. Firstly, those conditions predisposing to, or complicating 
renal failure, must be controlled as far as possible; examples 
are the stabilisation of diabetes, the treatment of cardiac and 
other circulatory disorders, and the control of infective and 
inflammatory diseases by antibiotics and steroids. Secondly, the 
body intake must be diminished and controlled in order to diminish 
the excretory load; this usually involves a high calorie diet,with 
restricted protein, electrolyte, and water; the restriction of
foods containing high levels of potassium is particularly important
i
since hyperkalaemia often leads to cardiac arrhythmia. Thirdly,
:\
nitrogenous waste and water must be removed from the body by 
peritoneal dialysis or haemodialysis.
Peritoneal dialysis was first used in 1920 but fell into 
disrepute due to the problems of infection which could not be ; 
controlled in the pre-antibiotic era. In this treatment a large
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volume of isotonic or hypertonic fluid is inserted into the 
peritoneum via a canula, left for a period of time necessary 
for the equilibration of molecules over the peritoneal membrane, 
and then removed. The process is repeated until the level of 
nitrogenous waste in the plasma is reduced to a satisfactory 
level. For the treatment of chronic renal failure, thirty 
exchanges of 2 litres of pyrogen free dialysate, each having an 
equilibration period of 30 minutes, are required each week.
Although machines are available which perform the exchanges 
automatically, the treatment is not suitable for long term use 
due to problems of pain, protein loss, infection, peritoneal 
calcification,and adhesions.
The main uses of peritoneal dialysis are the treatment of 
acute renal failure, the occasional treatment of early chronic 
renal failure to complement dietary regimes, or while such 
patients are waiting for a place on a maintenance haemodialysis . 
programme; It is also widely used for the removal of toxic 
drugs, such as barbiturates and salicylates, at a faster rate 
than they are normally excreted by the kidneys.
Maintenance haemodialysis is the treatment of choice in 
chronic renal failure. In this treatment blood is removed from 
the body, anticoagulated with heparin, and transferred to a
container (the dialyser) formed from semi-permeable material such
•/ i
as cellophane. Isotonic fluid (dialysate) is passed over the 
outer surface of the membrane and small molecules which are present 
in higher concentration on the blood side of the membrane, diffuse 
into the dialysate. Small molecules such as urea, uric acid, 
creatinine, and electrolytes, are easily removed from the blood, 
while substances having a molecular weight above 5000 are retained.
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Water may be removed from the patient by increasing the extra- 
corporeal blood pressure when the transmembrane pressure 
differential will drive water through the membrane by ultra­
filtration.
In order to mimic normal kidney function, haemodialysis 
should be carried out on a continuous basis. Since this is not 
possible in terms of convenience and cost, it is normally carried 
out twice or three times per week for periods of a few hours.
This makes it necessary to follow a strict dietary regime in 
order to prevent excessive accumulation of water, electrolyte, 
and nitrogenous waste, in the.inter dialysis periods.
Kidney homograft transplantation is an alternative treatment 
for chronic renal failure which, if successful, provides a better 
quality of life than that on maintenance haemodialysis. The best 
results are obtained from well matched familial donors, but since 
these are not usually available, cadaver kidneys are used in most 
cases. In spite of much research in immunotherapy, and improved 
facilities for tissue matching, it is not likely that kidney 
transplantation will entirely replace maintenance haemodialysis 
in the forseeable future. Many of the patients at present on 
haemodialysis have had one or more unsuccessful kidney transplants 
in the past.
Diafiltration is a recently developed form of treatment which 
differs from haemodialysis in being a discrete, rather than con­
tinuous flow, process. The blood within the dialyser is subjected 
to a high pressure which drives most of the fluid and smaller 
solutes, through the membrane; the blood is then rehydrated with 
an "ideal fluid" and returned to the body. The blood compartment
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is refilled and the process repeated until the desired amount 
of nitrogenous waste has been removed from the body. Since 
diafiltration does not depend upon diffusion gradients, no 
dialysate circulation is necessary. The treatment is expensive, 
but offers an alternative form of therapy for those patients 
who do not respond well to haemodialysis.
Other, novel forms of treatment for chronic renal failure 
which have been used without much success include gastrodialysis, 
pleural dialysis, lymphatic dialysis, intestinal dialysis, and 
the use of oral resins to absorb unwanted metabolites.
Sauna baths have been used to complement haemodialysis, 
since sweat loss removes water and thus allows an increase in the 
patients water intake. Since the levels of urea, uric acid, and 
creatinine, are similar in blood and sweat, there is an appreciable 
loss of nitrogenous waste when sweating profusely (Spector, 1956).
2. Haemodialysis
a. The historical development of haemodialysis
Haemodialysis was first postulated in 1913, and in the same 
year workers in Baltimore used a celloidin membrane and hirudin 
(obtained from ground leeches) anticoagulation, to remove sali­
cylate from animals by dialysis in an extracorporeal circulation. 
(Abel et al. 1914). Human haemodialysis did not become practical 
until the development of cellophane (cellulose acetate) membranes 
in 1930, and the commercial production of heparin in 1933. Heparin 
was necessary as an anticoagulant in order to overcome the throm- 
bogenic properties of cellophane.
The first clinical application of haemodialysis in man was 
made by Kolff in Holland in 1940, using a tube of cellophane 
wrapped around a rotating drum which was partially immersed in a 
physiologically normal solution. Ten uraemic subjects were 
successfully treated with this device (Kolff and Van Noordwijk, 
1946). Development of the technique was impeded by the Second 
World War, but in the post war years the artificial kidney became 
established as a treatment for acute renal failure for those 
patients in whom restoration of normal kidney function could be 
anticipated.
Three centres in the U.K. (Hammersmith Hospital, Leeds 
General Infirmary, and R.A.F. Hospital Halton) pioneered the 
technique and operated a mobile .service, taking the treatment to 
patients in various parts of the country. The apparatus used was 
somewhat crude and treatment required transfusion of large volumes 
of blood in order to prime the machine. The canulation of artery 
and vein to give adequate access to the circulation, was at that 
time considered a fairly major surgical undertaking.
The early experience gained with acute renal failure led to 
improvements in machine design, but the problem of access to the 
circulation meant that this treatment was^not suitable for chronic 
renal failure where there was no possibility of restoration of 
normal renal function. The introduction of an arteriovenous shunt 
a]lowing easy repeated access to the circulation, made it possible 
to use haemodialysis for the treatment of chronic renal failure on 
a continuous basis. (Quinton et al., 1961).
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In the early 1960s it was estimated that some two thousand 
patients between the ages of 15-55 years died annually of renal 
failure in the U.K. It was thought that most of these would be 
suitable candidates for haemodialysis treatment, which if 
successful, would lead to an annual increase in the number of 
patients requiring treatment. This implied a massive demand for 
money and hospital resources which would compete with other 
established areas of medical expenditure. Failure to fully 
implement this form of treatment posed moral, ethical and 
political questions, which became the subject of public debate.
During the next ten years some fifty hospital based haemo­
dialysis units were opened, each having a ward in which patients '
were taken for treatment. These units were geographically spaced
in order to provide treatment for patients in all areas of the U.K. 
although they were naturally more numerous in areas of high pop­
ulation density. Thus there were eleven units in London while 
only two units existed in Wales.
The money and facilities required by these units for full 
implementation of haemodialysis was never provided. Almost all 
units were supported by voluntary fund raising by local organi­
sations who purchased artifical kidney machines; unfortunately, 
such machines represented only a small part of the cost of haemo­
dialysis, and they were often donated to hospital units who could 
not afford to put them into use.
In an attempt to reduce the cost of treatment, and to re­
habilitate the patient in terms of full employment, haemodialysis 
units.were installed in the homes of patients who were trained to 
treat themselves with the aid of close relatives. About two 
thirds of patients in the U.K. now treat themselves in home units
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although this practice is falling from favour in other western 
countries, since it is thought to cause familial stress and is 
uneconomic in machine use. There is a growing body of opinion 
which is in favour of "limited care units"; these are unstaffed 
haemodialysis units to which patients go to treat themselves and 
thus allow several patients to exist on a single ^ machine.
Limited care units are based within hospital grounds and offer 
back up services such as cardiac resuscitation and blood trans­
fusion which may be needed for emergencies.
In the years since the introduction of maintenance haemo­
dialysis there have been many improvements in access to the 
circulation, dialyser design, safer monitoring of machines, and 
treatment of concomitant illnesjs. But the original problem of 
meeting the high costs involved have never been solved, and 
haemodialysis remains perhaps the first example in the history of 
western medicine, of a well documented effective form of treatment 
which is not fully applied to all patients who need it.
It may be that those who plan for the long term costing of 
such matters, had anticipated that by the present time, success 
in the field of kidney transplantation would have vitiated the 
present need. If this is not the case, it may well be that future 
technical advances in medicine may involve costs which society is 
unwilling or unable to sustain, and that haemodialysis is merely 
the forerunner of other treatments which will not be available to 
tnose who need them.
b. Facilities for haemodialysis in the U.K.
Patients are selected for haemodialysis when their renal 
function is no longer compatible with useful and active life. In 
most units only patients between 15 and 55 years of age are con­
sidered, and the number of patients within this age range exceeds
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the facilities available. Although haemodialysis of younger 
patients causes problems such as retardation of .growth and 
development, some units are developing this treatment for younger 
patients (Wass et al., 1977). Older patients are able to cope 
with the treatment when it is made available to them and there 
are octogenarians who dialyse themselves in the U.S.A.
In the United Kingdom, haemodialysis is supervised by the 
58 hospital based units given in table 1. These are known as 
renal dialysis units (R.D.U.) or artificial kidney units (A.K.U.) .
A typical unit has a ward in which patients are dialysed, and 
facilities for storage, water treatment, maintenance workshops, 
consulting rooms, kitchen, changing rooms and toilets. Due to 
the devastating effects of hepatitis B virus in dialysis units, 
they tend to be self-contained, isolated from the general hospital, 
and admittance is restricted to those who have a negative sero­
logical test for hepatitis virus.
The R.D.U. is also responsible for the supervision of patients 
who dialyse themselves at home. This involves modification of the 
home, installation of the machine and water treatment plant, 
training the patient and relatives in dialysis technique, maintenance 
and stocking the home unit, and seeing the patient at regular out­
patient clinics.
The staffing of units is variable but is normally led by a 
medically qualified consultant nephrologist who monitors the 
progress of patients with diminishing renal function, and decides 
which patients are suitable candidates for long term haemodialysis, 
and when such treatment should commence. The consultant will 
supervise the patient's life on dialysis and prescribe necessary 
changes in treatment including advice on kidney transplantation.
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1. Aberdeen Aberdeen Royal Infirmary
2. Belfast Belfast City Hospital
3. Birmingham East Birmingham Hospital
4. n Queen Elizabeth Hospital
'5 . Brighton Royal Sussex County Hospital
6. Bristol Southmead Hospital
7. Cambridge Addenbrookes Hospital
8. Canterbury Kent and Canterbury Hospital
9. Cardiff Cardiff Royal Infirmary
10. Carshalton St. Helier Hospital
11. Coventry Walsgrave Hospital
12. Derby Derby City Hospital
13. Dundee Dundee Royal Infirmary
14. ii Maryfield Hospital
15. Edinburgh Edinburgh Royal Infirmary
16. it Western General Hospital
17. Exeter The Whipton Hospital
18. Glasgow Glasgow Royal Infirmary
19. ii Royal Hospital for Sick Children
20. ii Stobhill Hospital
21. ii Western Infirmary
22. Halton Princess Marys R.A.F. Hospital
23. Hull Hull Royal Infirmary (Sutton)
24. Inverness Raigmore Hospital
25. Leeds Leeds General Infirmary
26. n. St. James University Hospital
27. Leicester Leicester General Hospital
28. Liverpool Alder Hey Childrens Hospital
29. ii Liverpool Royal Infirmary
30. it Mossley Hill Hospital
31. n Sefton General Hospital
32. London Charing Cross Hospital
33. ii Dulwich Hospital
34. ii Guy's Hospital
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35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
London
Manchester
ii
Middlesborough 
Newcastle Upon Tyne
ii it ii
Norwich
Nottingham
Oxford
Plymouth
Portsmouth
Rhyll
Sheffield
Stoke on Trent
Stourbridge
Sunderland
Hammersmith Hospital 
Lambeth Hospital 
The London Hospital 
The Royal Free Hospital 
St. Bartholemews Hospital 
St. Leonards Hospital 
St. Mary's Hospital 
St. Pauls Hospital 
Westminster Hospital 
Booth Hall Childrens Hospital 
Withington Hospital 
North Ormesby Hospital 
Royal Victoria Infirmary 
Rye Hill Hospital 
Norfolk and Norwich Hospital 
Nottingham City Hospital 
Churchill Hospital 
Plymouth General Hospital 
St. Mary's Hospital 
Royal Alexandra Hospital 
Lodge Moor Hospital 
North Staffs. Royal Infirmary 
Wordsley Hospital 
Sunderland Royal Infirmary.
Table 1
Renal Dialysis Units within the United Kingdom in July 1977. 
(Reproduced by permission of The Association of Renal Technicians)
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Dialysis treatment is given by the ward sister, other 
nursing staff and in some units, auxiliary staff who have no 
formal qualifications who are employed as artificial kidney 
assistants (A.K.A.s). Home units are the responsibility of the 
Home Dialysis Supervisor who has equivalent status and quali­
fications to the ward sister. Kidney machines and water treat­
ment plant are serviced by artificial kidney technicians. The 
proportion of nurses, A.K.A.s and technicians within units varies, 
as do their duties, and there is some degree of professional 
rivalry between the various groups. •
Not all units have home patients. The D.H.S.S. statistics 
for 1976-1977 record approximately 1,500 home dialysis patients 
and 800 patients on hospital dialysis in the U.K. This 66 
per cent, of home patients is higher than most other countries, 
where home treatment is falling from favour; thus the recorded 
percentages for 1975 are, West Germany 30, U.S.A. 24, France 13, 
and Denmark 12.
International estimates of patients requiring treatment for 
chronic renal failure are based on a figure of 40 new patients, 
per million population, per year. When a steady state is reached 
it would require 1,500 kidney transplants per year, 5,200 home 
dialysis units, and the facilities to dialyse 2,650 patients in 
hospital, to cover the needs of all suitable patients in the U.K. 
(Pincherle, 1977). In 1975 there were 542 kidney transplants in 
the U.K.
The U.K. has fewer renal units per million population than 
any other country in Europe (European Dialysis and Transplant 
Ass., 1977). International comparisons of numbers of patients 
living with chronic renal failure per million population, show the 
U.K. to have 62, while Switzerland, Denmark, Japan and the U.S.A. 
all have over 125.
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c* Indications for haemodialysis treatment
There are several clinical uses for haemodialysis therapy 
including, acute renal failure in which the diagnosis and 
prognosis are uncertain, chronic irreversible renal failure, 
oedema due to cardiovascular disease, and poisoning and intoxications. 
This study is concerned only with the long term use of haemodialysis 
in chronic renal failure; other indications for haemodialysis are 
short term in nature and may be restricted to a single treatment, 
or treated by other methods such as drug induced diuresis, peritoneal 
dialysis, or haemoperfusion over absorbent materials.
Since chronic renal failure is irreversible, it is necessary 
to use haemodialysis for the remainder of the patients life or 
until such time that a successful kidney transplant can be made.
Since both the gross accumulation of metabolic waste products, 
and their rapid removal by haemodialysis, are stressful to the 
patient, it is necessary to use the treatment as frequently as 
possible. Maintenance haemodialysis two or three times per week 
is normally chosen as a compromise between this basic principle and 
the expense' and inconvenience of more frequent treatment.
Kidney transplantation has been available since 1951, and 
all haemodialysis patients are tissue matched and informed when a 
suitably matched kidney becomes available. The average life 
expectancy of patents on maintenance haemodialysis, and those who 
- have received successful kidney transplants, is about the same 
(pincherle, 1977). Many patients who are well adjusted to life on 
haemodialysis prefer to continue with this form of treatment, 
rather than risk the complications which often follow transplantation.
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In the Brighton unit there are patients who have been kept 
alive and well by haemodialysis treatment for periods up to 
ten years. In older established centres, the longest surviving 
patients are now approaching twenty years treatment.
Medical complications of haemodialysis. While it is not the 
purpose of this study to examine all of the medical complications 
facing the practitioner of haemodialysis, it is necessary to know 
of their existence in order to appreciate the fact that to those 
in charge of haemodialysis units, hypothetical hazards which 
might accrue from microbial contamination of the apparatus and 
fluids used, may seem to be of little importance. However, if 
* microbiological studies were to reveal a significant relation­
ship between contamination and the efficiency of treatment, they 
are likely to be given serious consideration, since the treatment 
represents a total life support system for the patient. The
rigid precautions taken to ensure that hepatitis virus does not
enter into, or spread within renal units, exemplifies how 
seriously a proven hazard is taken; most units will not even 
allow observers to enter until they have been tested and shown 
to be free from hepatitis B v i r u s .
There are many medical complications seen in dialysed patients 
which may also be seen in non-dialysed uraemic subjects, and
which may be said to be due to uraemia or haemodialysis. They
include anaemia, pericarditis, neuropathy, myopathy, arthropathy, 
bone disease, skin pigmentation and pruritis, impaired growth and 
development in the young, menstrual dysfunction, impotence, 
infertility and psychiatric disorders. Since long term study of 
renal failure without treatment is not possible, the aetiology of 
these conditions, and the degree to which haemodialysis may be 
responsible for them, is not clear.
The medical complications which may be seen as a direct 
result of haemodialysis treatment may be listed as follows;-
1. Blood loss, from disconnection of joints in the 
extracorporeal circulation, leakage or bursting
of membranes, or internal due to the administration 
of anticoagulants.
2. Air embolism from the introduction of air into 
blood lines, or transfer of air from dialysate 
to blood via the membrane.
3. Incorrect electrolyte balance caused by; dialysis 
against water without salt; incorrect concentrations 
of sodium, potassium,calcium, or magnesium; imcomplete 
mixing of water and concentrate; incorrect dialysate 
temperature. These may be secondary to interruption 
of supplies of water (including insufficient pressure), 
concentrate or electricity.
4. Haemolytic anaemia due to the following mechanisms -
oxidative (due to nitrates, chloramines or copper in 
.water); thermal due to overheated dialysate; mechanical 
due to the design of blood pumps and dialysing membranes 
leaching of formaldehyde from plastics used in con­
struction.
5. Access to the circulation - clotting and infection of
shunts and fistulae, aneurysm and ulceration of blood 
vessels used. In the early days of haemodialysis this 
was the major problem in all units and the success of
a given unit was largely related to the ability to keep
patent access to the circulation.
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6. Dialysis dysequilibrium, caused by rapid removal of 
solutes from the blood which becomes hypotonic to 
the C.N.S., which then absorbs water from the blood 
by osmosis. Rapid removal of sodium ions also leads
• to severe muscle cramps which are commonly seen in 
most units.
7.‘ Dialysis dementia, is a progressive encephalopathy 
seen in dialysed patients which usually results in 
death within two years (Alfrey, 1972). The cause is 
not known but brain tissue removed at post mortem 
shows high levels of aluminium.
8. Pyrexial reactions during treatment (Robinson and 
Rosen, 1971). Such reactions vary in frequency and 
severity, from one unit to another, and in individual 
patients. There are several possible causes including 
septicaemia, infection of shunts and fistulae, failure 
to sterilise membranes and blood lines, reactions to 
foreign proteins including blood transfusions, chemical 
pyrogens such as 2-chloroethanol (produced by ethylene 
oxide sterilisation of plastics) and formalin (Gutch 
and Stoner, 1975), and pyrogenic products produced by 
microbial contamination of the dialysate.
9. Hepatitis B (serum hepatitis) has a high morbidity 
and mortality affecting both patients and staff, when 
introduced in to haemodialysis units. Between 1965 and 
1971 a number of outbreaks involving ten haemodialysis 
units gave rise to 200 cases in patients, and over 100 
cases in staff, including 6 staff who died (Ascott, 1973).
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An advisory group (Rosenheim, 1972) formed by the 
D.H.S.S. made recommendations on the problem in 
1972 since which time the problem has drastically 
diminished in the U.K. In other parts of the world 
where blood donation is based on financial reward, 
such as the U.S.A., hepatitis is still- a major 
problem.
Every haemodialysis treatment is a potentially hazardous 
procedure in which the complications outlined above may be met 
at any time. Any variation in routine which might be suggested 
in order to improve haemodialysis hygiene, is likely to distract 
attention or working time from the measures already taken to 
prevent well recognised hazards* Under these circumstances, 
suggested improvements need to be based on very sound data to be 
worthy of serious consideration.
The principles of haemodialysis
The aim of this form of treatment is the removal of metabolic 
waste from the body, which in healtfysubjects, is removed by the 
kidney. Total removal is neither necessary or possible ar.d the 
treatment attempts only to reduce the amounts and concentrations 
of metabolic waste, thus simulating the homeostatic effect achieved 
by the normal kidney. Unlike the action of the kidneys, treatment 
is discontinuous, and the degree of homeostasis seen in normal 
subjects is never achieved.’ Haemodialysis is therefore applied at 
intervals of time, and for periods of time, which give levels of 
waste products in the tissues which are compatible with an 
acceptable life style. This normally requires treatment two or 
three times a week for periods of four to eight hours.
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The principles of haemodialysis are shown diagramatically 
in Figure 1. Removal of wastes from the body is effected via 
an extracorporeal circulation which removes blood from an artery, 
passes it through a semi-permeable membrane immersed in a 
dialysing solution (dialysate), and returns it to a vein. Where 
the hydraulic resistance of the membrane (dialyser) is low the 
extracorporeal circulation may be maintained by the arterio­
venous pressure differential. Where membrane resistance is high 
the circulation of blood is maintained by peristaltic pumps; 
these must be designed with care to avoid mechanical damage to 
the erythrocytes.
Within the dialyser, substances of small molecular weight and 
suitable electric potential which are in high concentrations in 
the blood, will pass over the membrane by diffusion and are 
removed with the dialysate. Molecules of similar size which do 
not require removal from the blood will be retained if they are 
added to the dialysate in concentrations similar to those found 
in blood, when diffusion occurs in both directions with no nett 
loss or gain. In a static system equilibration across the 
membrane would rapidly take place and impede further diffusion.
In order to avoid this both blood and dialysate must be kept in 
motion, and where possible, the movement of these should be 
counter-current in order to maximise the transmembrane gradients 
of diffusible products. Turbulence of the fluids increases 
diffusion by preventing zonation and laminar flow at the membrane 
surface and this is normally achieved by suitable design features 
in the membrane support system. Diffusion rates increase with 
temperature but dialysis is normally restricted to 37°C for 
physiological reasons.
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Figure 1
The diagram shows the extracorporeal blood circulation used 
in haemodialysis. Between treatments the arterial and venous 
limbs of the shunt are connected to form a small extracorporeal 
loop; these devices have now been largely superseded by the use 
of surgically produced internal fistulae.
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With most membranes used the diffusion rates of urea and 
electrolytes are higher than with larger molecules such as 
creatinine, uric acid and glucose. Diffusion rates generally 
decrease with increase in molecular weight and there is much 
interest in the rates of hypothetical "middle molecules"
(mol.wt. 300-4,000) which are thought to be responsible for 
many of the symptoms of azotaemia (Scribner, 1965).
The presence of a higher solute concentration on the blood 
side of the membrane would be expected to draw water into the 
blood by osmosis. Since in the absence of renal function, the 
tissues are already likely to be subject to water overload, 
this must be avoided. This may be done by adding glucose to the 
dialysate in such concentrations which are required to draw 
water from the blood to dialysate. The amount of water taken 
from the patient is normally calculated by weighing the patient 
before and after treatment. ■ '  ^ .
Where blood pumps are used to achieve an extracorporeal 
circulation, water may be removed from the patient by increasing 
the blood pressure within the dialyser. This increase in 
transmembrane pressure, which may also be obtained by reducing 
the pressure of the dialysate, drives water from the blood into 
the dialysate. This process is known as ultrafiltration and is 
in common use for water removal since it is more easily controlled 
than osmosis. The addition of glucose to dialysate is now largely 
unnecessary for removal of water but is still used since it provides 
a source of calories for the patient.
The rate of removal of waste products from the patient can 
be increased by increasing the surface area of the membrane and 
the rate of blood flow over it. However it is important that 
solutes are not removed from the blood at a faster rate than they
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can diffuse into the blood from the tissues, since if this occurs 
the tissues would have a higher osmotic pressure than blood from 
which they would start to draw water. This applies particularly 
to the central nervous system and is referred to as dialysis 
dysequilibrium. There is in fact no general agreement on the 
optimal conditions for treatment and it is for this reason that 
many types of artificial kidney machines and membrane systems 
are available, and their usage, in any two units is never quite 
the same.
Safety and reliability of equipment and techniques are 
prime considerations in the practice of haemodialysis, since this 
treatment is a total life support which can never be delayed for ' 
more than a short period of time. The need to meet these two 
aims is the cause of great variation in the type of equipment 
used, which may on one hand be very complex and incorporate 
monitors to give early warning of malfunction, or on the other 
hand be very simple and easy to maintain but impose a greater 
demand on human vigilance. In it& simplest form haemodialysis 
can, and has been, carried out by placing dialysis membranes in 
domestic washing machines filled with dialysate (Nakamoto et al., 
1967); such simple batch systems of haemodialysis have found 
favour in situations where the cost of machines, or limited water 
supplies, outweigh other considerations.
More commonly, haemodialysis is carried out in complex 
machines costing around £5,000 each. Such machines will mix water 
and dialysate concentrate, pasteurise, de-aerate and check the 
conductivity of the dialysate, and pump dialysate and blood over 
their respective sides of the membrane; at the same time the 
machine will monitor a variety of functions such as dialysate 
temperature, arterial and venous pressure, transmembrane pressure
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Figure 2.
The Dylade haemodialysis machine, manufactured by the Dylade Co. 
Runcorn, Cheshire. No official figures are issued by the D.H.S.S. 
on machine usage, but this machine is almost certainly the most 
commonly used in the U.K. The dialyser is a separate unit which 
is not contained within the machine.
Figure 3.
The Meltec multipoint reusable dialyser, manufactured by 
Meltec Ltd., Bourne End, Bucks. Based on an original design by 
Kiil, and usually referred to as a Kiil dialyser, this is the 
most commonly used reusable dialyser in the U.K. It is meant 
to be stripped down after each use and new membranes fitted, 
but is more commonly used several times before being rebuilt.
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and leakage of the membrane. A machine of this type is shown 
in Figure 2. While the type of dialyser commonly used with the 
machine is shown in Figure 3,
The dialysate. Dialysates for haemodialysis were originally 
prepared by the hospital pharmacy. In the early days of this 
form of treatment dialysates contained bicarbonate, which, 
since it is insoluble in concentrated solutions also containing 
calcium, made it impossible to prepare concentrates commercially. 
The change to acetate buffering systems permitted the preparation 
of concentrates which are now prepared commercially in bulk. 
(Renalyte, McCarthy Laboratories, Romford, Essex).
A typical concentrate contains the following ingredients;-
Sodium chloride 166.6 g/litre
Sodium acetate 142.8 '»»■»»
Calcium chloride 6.62 " 11
Potassium chloride 4.47 11 M
Magnesium chloride 4.57 " "
Dextrose 60 ii ii
On dilution with 29 volumes of water the concentrate gives 
a dialysate with the following composition;-
Sodium 130 m.mols/litre
Calcium 1.5 ■ « u
Potassium 2.0 " "
Magnesium - 0.75 " "
Chloride 101.5 " "
Acetate 35.0 " "
Dextrose 2.0 g/litre.
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Dilutions of concentrate are made by means of batch mixing 
in large tanks, or by proportionating pumps. The latter work on 
the principle of fixed ratio pumping, having a large (water) and 
small (concentrate) cylinder filling and emptying together.
Batch mixing is cheaper but has the disadvantages of human 
error in measuring or mixing, the weight of large volumes of 
fluid in tanks which may be too much for the floor structure, and 
bacterial colonisation in the time interval between mixing and 
using.
Proportionating pumps are expensive and suffer from mechanical, 
electrical and hydraulic (water pressure) problems. They are 
usually fitted as part of the kidney machine and the resultant 
dialysate is continuously monitored by conductivity measurement.
They may alternatively be fitted as a ring main in the dialysis 
ward when one pump can be used to feed many kidney machines.
Less common types of proportionating pumps work on the principles 
of 'matched metering values' with a variation in an orifice fed 
at fixed pressure, or on 'electronic feedback' in which the 
concentrate is added to water via a pump, the speed of which is 
related to the conductivity of the resultant mixture. Most of 
these devices are adaptions of similar pieces of equipment having 
industrial uses.
Batch dialysates may be checked by tests for, total solute 
cgncentration using a freezing point osmometer or high grade 
refractometer, total electrolyte concentration using a con­
ductivity meter, or total chloride using commercially supplied 
test kits.
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Dextrose is included in the dialysate for several reasons.
It prevents hypoglycaemia in the patient during treatment, 
increases the osmolarity of the dialysate and thus draws water 
from the patient during dialysis, helps to prevent the dis­
equilibrium syndrome which occurs if solute but not water is 
withdrawn from the blood at too fast a rate, and gives the patient 
a source of calories. In most modern kidney machines high trans­
membrane pressures are used to draw water from the patient by 
ultrafiltration, and provided the patient is encouraged to eat 
during treatment, the glucose can be left out of the dialysate.
Sodium acetate is used as a buffer in dialysis and since 
patients with renal failure always have a metabolic acidosis, no 
H* ion need be added. Acetate is absorbed over the membrane and 
converted to bicarbonate in the liver. Patients with liver 
disorders may be unable to make this conversion in which case 
acetate is replaced by bicarbonate in the dialysate.
e. Access to the circulation
Free access to the blood circulation is a pre-requisite to 
successful haemodialysis. Early workers used glass or metal 
cannulas which were inserted into the femoral vein or other large 
vessels; similar devices, such as the Shaldon 10 inch Teflon 
catheter are still used for the short term haemodialysis of 
patients with acute renal failure. Continuous treatment of chronic 
renal failure requires a more stable means of access to the 
circulation, which can if necessary be manipulated by the patient.
Maintenance treatment of chronic renal failure was made 
possible by the development of the arterio-venous shunt by 
Scribner (Quinton et al., I960), shown in Figure 4.
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Figure 4.
A Teflon-Silastic shunt with arterial and venous limbs connected 
to blood lines leading to a dialyser. When not in use the white 
Teflon connectors are joined to form a small extracorporeal loop.
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The Scribner shunt is a Teflon-Silastic tube with a curved 
cannula at each end, which can be opened in the centre which 
has a Teflon connector; the cannulas are inserted in the radial 
artery and a wrist vein under local anaesthesia, and kept in 
position by sutures, when the blood supply to the hand is in 
part shunted through the Silastic tube; for haemodialysis the 
central connector is opened up, and the ends connected to blood 
lines leading to the entry and exit sides of the dialyser.
Many types of shunt have since been devised but all tend to 
have common problems. They are awkward -for the patient and must 
be kept covered with a dressing; there is a risk of the connector 
coming apart with consequent arterial bleeding which means the 
patient must always carry a set of clamps to occlude the tubing 
if necessary; clotting within the shunt occurs from time to time; 
the presence of the cannula through the skin carries a high risk 
of infection. Martin et al., (1968) experienced 78 infections of 
the shunt in 25 patients treated over a three year period; most 
were due to Staphylococcus aureus and phage typing indicated that 
they were of autogenous origin.
The increasing use of arterio-venous fistula described by 
Brescia and Cimino (1966) has overcome many of the problems 
associated with shunts. The fistula is surgically created by 
opening an adjoining artery and vein, usually in the wrist, and 
* anastomosing the two vessels. Higher pressure in the arterialised 
vein causes the fistula to enlarge to a size which is easily 
venesectioned for access. There are now many variations of the 
Brescia-Cimino fistula, being made by insertion of human or 
animal vessels, or synthetic blood vessels, below the skin.
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Vascular access below skin level decreases the risks of infection 
and clotting episodes, but requires insertion of needles through 
the skin for each treatment; this is unacceptable to most 
children who, for this reason, usually have shunts. The dis­
comfort and pain of repeated venesection is partly overcome by 
the use of single needle dialysis (Kopp et al.,. 1972), in which 
the same needle is used to alternately withdraw and replace blood 
into a vessel.
f. The membranes used in haemodialysis
The first commercially produced membranes used for haemo­
dialysis were made from cellophane which was produced primarily 
for the packaging industry; such membranes were made by reducing 
plant cellulose fibres to a slurry which was then coagulated in 
the form of sheets or tubes. Most dialysers now contain 
Cuprophane membranes (manufactured by Bemberg Co., Wuppertal,
W. Germany) which are thinner and less elastic than cellophane, 
but which also have a lower breaking point. Visking Cellophane 
(manufactured by the Union Carbide Co., England) is similar to 
Cuprophane, and is also used in commercially produced dialysers.
Cuprophane has a thickness of 12-30 ym when dry, and 25-60 jjm 
when wet. Samples vary in thickness and are sold in P.T. grades 
which refer to the weight per unit area; thus cuprophane P.T. 150 
is thinner than cuprophane P.T. 300, these representing the range 
4 of grades used for haemodialysis.
Other synthetic membranes have also been used for haemodialysis 
including polymethyl-D-glutamate, polycarbonates, polysulphones, 
and polyacrylonitrites. Polyacrylonitrite membranes are now 
widely used in hollow fibre dialysers.
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With the membranes in current use, substances having 
molecular weights below 5,000 are dialysed rapidly, those with 
molecular weights between 5,000-40,000 are dialysed slowly, 
while those having molecular weights over 40,000 are said not to 
pass over intact membranes. Many small molecules present in 
blood, such as calcium and amino acids, are bound to protein 
and fail to pass over dialysis membranes for this reason. All 
membranes are thrombogenic and blood must be anticoagulated before 
passing over them.
For use in haemodialysis, membranes are contained within a 
plastic support structure which permits the passage of blood on 
one side and dialysate on the other. The whole structure is 
referred to as the dialyser.
g. Dialysers
The dialyser is the functional part of an artificial kidney 
which contains the dialysing membrane. There are three basic 
forms of dialyser in current use, the flat bed or plate, the 
coil , and the hollow fibre.
The plate dialyser has a polypropylene frame holding several 
layers of cuprophane, the whole being secured by clamps (see 
Fig. 3). It is intended for re-use by dismantling, replacing 
the cuprophane, and re-building, and is thus very economical. 
Resistance to blood flow is minimal and the dialyser can be used 
by arterial blood pressure alone without the use of blood pumps. 
The first commercially produced dialysers were of this type, 
and they are still in common use.
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Disposable plate dialysers are now available, having the 
same area of membrane in a pleated form, which reduces the 
size while retaining the dialysing.capacity, They have poly- 
acrylonitrile membranes which give good clearance of middle 
molecules but excessive ultrafiltration. They are very expensive 
and not commonly used.
The coil dialyser has a spirally wound cuprophane tube inter­
leaved with a plastic support screen (see Fig. 5). There are 
many models marketed, all of which are intended for single use 
which makes them expensive. Many units reduce the cost by 
washing them out, sterilising with 0.4 per cent, formaldehyde 
‘and reusing them.
The coil dialyser is labour saving and easy to use, but 
has a large priming volume, a higher membrane leakage rate than 
plate dialysers, and a high internal resistance which necessitates 
the use of blood pumps.
The hollow fibre dialyser has the membrane in the form of many 
capillary fibres packed inside a cartridge. They are sold as 
sterile, disposable items, but many units wash and reuse them.
They are very compact and resistance to blood flow is low, but 
they are expensive and suffer from clotting within the fibres.
The use of dialysers. Re-usable (plate) dialysers are sterilised 
by filling the blood compartment with 0.4 per cent, formaldehyde, 
until needed for use. Water is then run through the dialysate 
compartment, which removes formaldehyde by dialysis through the 
membrane, and the blood compartment is flushed with pyrogen free 
saline. 'The effluent saline is tested by Clinistix (Ames 
Laboratories) or Schiffs reagent, to ensure complete removal of 
formaldehyde.
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F i g u r e  5 .
A  c o i l  d i a l y s e r  m a n u f a c t u r e d  b y  B e n t l e y  L a b o r a t o r i e s ,  U . S . A .  . 
T h e  d i a l y s e r  i s  s o l d  a s  a  s e a l e d  u n i t  b u t  i n  t h i s  e x a m p l e  t h e  
p o l y p r o p y l e n e  c a s i n g  o n  t h e  l e f t  h a s  b e e n  c u t  o f f  t o  s h o w  t h e  
i n t e r n a l  s t r u c t u r e .
T h e  a r t e r i a l  a n d  v e n o u s  l i n e s  a r e  c o n n e c t e d  t o  t h e  t u b u l a r  
d i a l y s i s  m e m b r a n e  w h i c h  i s  i n  t h e  f o r m  o f  a  s p i r a l  i n t e r l e a v e d  
b y  a  p l a s t i c  s u p p o r t  m e s h .  W h e n  t h e  d i a l y s e r  i s  i n  u s e ,  d i a l y s a t e  
i s  p u m p e d  i n t o  t h e  b a s e  o f  t h e  p o l y p r o p y l e n e  c a s i n g ,  f l o w s  o v e r  
t h e  d i a l y s i s  m e m b r a n e ,  a n d  o v e r f l o w s  t h r o u g h  a p e r t u r e s  i n  t h e  
t o p  s u r f a c e .
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Coil and hollow fibre dialysers are sold as sterile 
disposables, having been treated with ethylene oxide by the 
manufacturer. Many units re-use disposable dialysers by 
washing after use, and treatment with formaldehyde or benzalkonium 
chloride.
All types of dialyser must be primed with saline before 
use, in order to remove air from the blood compartment, and to 
render the membrane soft and pliable. It is normal practice to 
apply a pressure test at this stage to check for membrane leakage.
The dialyser is connected up in such a manner that the flow 
of blood and dialysate are countercurrent, in order to maximise 
diffusion gradients. This is not possible with coil dialysers, 
where dialysate flow is normally at right angles to the blood 
flow. In hollow fibre and plate dialysers, resistance to blood 
flow is minimised by tilting them (Fig. 3), and placing the 
arterial (entry) line at the top.
Some kidney machines have a compartment in which a coil 
dialyser can be housed (Travenol R.S.P. and REDY machines) as an 
integral part of the dialysing system. Most however lack this 
facility and the dialyser is situated as a separate component; 
thus the machine and dialyser seen in Figs. 2 and 3 would both 
be required; this spatial aspect*is important when equipping 
home dialysis units.
• -At the termination of a treatment it is always necessary to 
flush the dialyser with saline in order to drive the contained blood 
back into the patients circulation.
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Membrane rupture in haemodialysis. Membrane rupture is a constant 
hazard of haemodialysis since when it occurs, the patient is 
subject to rapid exsanguination until the arterial supply line is 
clamped. Infection from contaminated dialysate is also possible, 
although since the pressure in the blood compartment is greater 
than that in the dialysate compartment, it is claimed that infection 
from such a source is unlikely.
Loss of differential permeability varies from increase in 
pore size due to excessive stretching, to explosion of the coil 
with great loss of blood which may be spread over a wide area 
including the ceiling. Most manufacturers guard against membrane 
’flaws by quality control including pressure testing, and most 
renal units repeat this pressure test just before use.
Membrane rupture is associated with faulty manufacture of 
cuprophane and cellophane, construction faults when manufacturing 
coils, faulty packing and handling (Kerr et al., 1974), and 
incorrect blood or dialysate pressures. Plate and hollow fibre
dialysers are p r o n e  to  l e a k a g e  w ith  a f a i l u r e  r a te  o f  1 - 2  p e r  c e p t . , but  
c o i l  d i a l y s e r s  h a v e  an  e v e n  h ig h e r  f a i l u r e  r a t e  o f  6 - 1 0  p e r  c e n t .
( S t e w a r t  and  F l e m i n g ,  1974;  K e r r  e t  a l . , 1 9 7 4 ) .
It has been suggested that the stripping and rebuilding of 
plate dialysers represents a hepatitis risk, which could be 
overcome by the use of disposable coil dialysers. There has 
however been no discernible difference in the prevalence of 
hepatitis, between units using coils or plate dialysers (Drukker 
et al., 1967).
h. Dialysate circulation
Dialysate is prepared by dilution of concentrate with suitable 
water; it may be prepared in bulk and stored in tanks until required,
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or automatically prepared at the time of use by proportionating 
pump systems. It is then used in one of three types of dialysate 
circulation systems, recirculating, single pass, or a combination 
of these known as recirculating single pass (R.S.P.).
Recirculating systems pump dialysate from a tank, pass it over 
the dialysing membrane, and return it to the tank; as concen­
trations of waste products in the blood decrease, there is a 
corresponding increase in the dialysate, which results in a con­
tinuous decrease in the diffusion gradients used. The system 
has largely been abandoned, but is still used in the REDY haemo­
dialysis machine which incorporates an absorbent cartridge in an 
attempt to overcome some of the disadvantages inherent in re­
circulating systems.
Single pass systems pump dialysate over the dialysing membrane, 
and then discard it. Dialysate is almost always prepared by a 
proportionating pump, either in the machine, or less often, on 
a larger scale feeding several dialysers within a ward. The 
system is expensive of dialysate, but gives maximal diffusion 
gradients with consequent fast haemodialysis. Since dialysate 
is freshly prepared, and is discarded immediately when contaminated 
with nitrogenous waste, opportunities for bacterial growth within 
the dialysate are minimal.
Recirculating Single Pass (R.S.P.) systems are a compromise between
the two previous systems described. Dialysate is pumped over the
membrane and into a dialysing compartment; from here, half runs to 
drain while the other half is passed back to the pumping system to 
be mixed with an equal volume of unused dialysate. Thus when 
250 ml. per minute is removed from the dialysate tank, 500 ml. 
per minute passes over the membrane.
All three systems are illustrated in Fig. 6.
A .  r e c i r c u l a t i n g  d i a l y s a t e  s y s t e m ;  a
' s i n g l e  b a tc h  o f  d i a l y s a t e  i s  c o n t i n u o u s l y  
r e - u s e d .
T
\
\ V
\ \
B .  s i n g l e  p a s s  d i a l y s a t e  s y s t e m ;  
d i a l y s a t e  w h ic h  h a s  p a s s e d  
t h r o u g h  th e  d i a l y s e r  i s  t h e n  
r u n  t o  w a s t e .
\ \  \
i
C . r e c i r c u l a t i n g  s i n g l e  p a s s  d i a l y s a t e
s y s t e m ;  t h i s  r e p r e s e n t s  a  c o m p r o m i s e  
b e t w e e n  th e  tw o  s y s t e m s  s h o w n  a b o v e .
Figure 6
The three types of dialysate circulation used in haemodialysis. 
The single pass system is most widely used, but the recirculating
single pass (R.S.P.) system is used in the Brighton unit.
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1* Artificial kidney machines
The equipment used in haemodialysis falls into three main 
classes:-
1. Water treatment and storage plant which is described
in the next section of this chapter.
2. Plastic disposables such as the dialysers (containing
the membrane), and tubing used to carry the extra- 
corporeal blood circulation and for giving intra­
venous infusions. These are usually referred to as 
"software11.
3. The kidney machines^ which house the machinery controlling
dialysis; these are referred to as "hardware".
Depending upon the type a machine performs many various 
functions, some of which are listed below:-
a. storage of dialysate in tanks
b. mixing of dialysate by proportionating pumps
c. de-gassing and pasteurising dialysate
d. heating dialysate to 37°C
e. pumping dialysate through the dialyser
f. pumping blood through the dialyser
g. pumping anticoagulant (heparin) into the
extracorporeal blood
h. monitoring (with audio/visual alarms) dialysate 
conductivity, pressure and flow rate, blood flow 
and pressure at the arterial and venous ends of
the dialyser, and leakage of blood from the membrane.
As can be seen the kidney machine has many possible functions,
not all of which are desired by every user. Thus for home dialysis
a simple machine which the patient can understand may be preferred,
while for ward use a more sophisticated design may be desired since
trained nurses and technicians are available when they malfunction.
Reliability of monitors and alarms are important in home dialysis
since the patient may want to sleep during dialysis. Size of the
machine is important in some home installations.
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There are stringent requirements for electrical insulation 
(separation of electrical and hydraulic components) and for the 
construction which must be from non toxic materials and unaffected 
by the corrosive action of dialysate and any disinfectants used 
(notably hypochlorites).
The last twenty years has seen a number of changes in machine
design. The earliest machines were all based on bulk preparation
of dialysate which was stored in a variety of containers. The 
Travenol R.S.P. machine is an early design containing a 120 
litre tank for dialysate, which has not changed its basic features 
since this time (see Fig. 7). It has a compartment in the top in 
which a coil dialyser is housed, this providing a complete haemo­
dialysis system.
The next design developments involved the use of proportionating 
pumps to provide freshly prepared dialysate; since the pumps 
require less space than bulk tanks of dialysate, smaller machines 
became possible. Since the dialysate must be raised, to blood 
heat for use, it was a natural development to use the same heaters
for pasteurising the machines before use by the passage of hot
water through the circulation. There are several machines 
marketed which incorporate these features.
The newest models of this type (Dylade, Lucas, Cambridge) 
now contain heat exchange units which pasteurise incoming water 
(85°C.) and use the latent heat contained to pasteurise more water 
in a continuous flow system. By this means all the water entering 
the machine is pasteurised with minimum generation of heat.
The Nycotron machine is unique in having an automatic auto- 
claving programme by means of which all of the hydraulics within 
the machine are treated by steam at 120°C. for 40 minutes prior to use.
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Figure 7.
The Travenol recirculating single pass machine, Dialysate is 
prepared in the tank seen in the base, and pumped over a coil 
dialyser housed in the top. The coil is hidden in this photo­
graph by the monitors and blood pump seen above the tank. It 
has an audio visual alarm system to indicate malfunction. All 
the haemodialysis machines used in the Brighton Renal Unit are 
of this type, and most of the results reported in this thesis 
are related to this machine.
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The REDY machine is a semi-portable method of haemodialysis; 
it contains one compartment for a coil dialyser, and a second 
compartment for a regeneration cartridge (Fig, 8). Only 6.5 
litres of dialysate is required since, after passing through 
the dialyser, it is passed through the regeneration cartridge, 
and can be reused. The cartridge is based on a design developed 
for the U.S.A. space programme, to be used for turning urine into 
potable water. While it is a convenient machine, the need for 
regeneration cartridges makes it very expensive to use and 
complicates electrolyte balance.
Recent advances in the design of haemodialysis machines 
have, been aimed at miniaturisation and portability. A 'suitcase* 
kidney is marketed which can be used in hotel rooms by travellers 
and a wearable artificial kidney has been described (Kolff, 1976) 
which has to be connected at intervals to a 20 litre dialysate 
tank.
A wide variety of haemodialysis machines ore available for 
use in the U.K. Variations in machine design, cost, availability 
and ease of maintenance and use, ensure that there is no standard 
isation of machine types between different renal units, and even 
a single renal unit will usually use several different types of 
machine. When used for home dialysis, factors such as machine 
size and the nature of the local water supply may dictate the 
type of machine used.
The Travenol R.S.P. machine is unusual in containing a bulk 
tank for batch preparation of dialysate; the basic design has 
been used for over twenty years, during which time the machine 
has remained essentially unchanged. While this is the only type 
of machine used in the Brighton renal unit, it is relatively
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uncommon in other renal units although some units have a few 
R.S.P, machines to meet the needs of particular patients. The 
R.S.P. machine is manufactured in the U.S.A. and the manufacturers 
claim that it has world wide usage; the design of this machine 
would certainly make it suitable for use in areas where a con­
tinuous supply of piped water is not available.
The Dylade machine is probably the most widely used haemo­
dialysis machine in the U.K. although no statistics are available 
from the D.H.S.S. to substantiate this claim. The Lucas,
Cambridge and Watson Marlow machines are similar in design and 
are also widely used in the U.K.; all four machines are manu­
factured in the U.K. All of these machines contain proportionating 
pumps for dialysate preparation, and recent models also contain 
heat exchange units for pasteurising the dialysate. Inclusion of 
proportionating pumps in the design of these machines makes them 
reliant upon a supply of water at minimal pressure for efficient 
function.
The Nycotron and Gambro haemodialysis machines are manufactured 
in Scandinavia, and incorporate the most advanced engineering 
features to be found at the present time including inbuilt self 
autoclaving cycles. Although they are relatively expensive, 
they are used in many renal units in the U.K.
The Drake Willock, Cobe Centry and Milton Roy machines are 
widely used in the U.S.A. where they are manufactured, but only 
rarely used in the U.K. This difference in machine usage reflects 
the dissimilar safety specifications laid down by the appropriate 
authorities in each country, which prohibits interchange of 
machines without substantial modification.
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Figure 8.
The Organon-Tecknika REDY haemodialysis machine. This is a 
small semi-portable machine which has compartments in the top 
to house the dialyser and a regenerative cartridge (seen standing 
on top of the machine). The need for both a dialyser and 
regenerative cartridge for each dialysis makes this machine 
expensive to use.
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The REDY machine (Fig. 8) is used in most countries in the 
world including the U.K., due to the portability and water 
economy inherent in its unique design; the small size of this 
machine makes it particularly suitable for home dialysis 
installations, although the need for both a disposable dialyser »
and a regeneration cartridge for each dialysatemakes it expensive 
to use.
The purchase price of haemodialysis machines in use in 1978 
varies from five to ten thousand pounds each, and many units have 
machines which were purchased by local charitable organisations.
This cost however represents only a small part of the true cost 
of haemodialysis treatment which includes water treatment plant, 
home conversions, software, drugs,and medical, nursing,and technical 
back-up services. It is for this reason that most renal units have 
surplus machine capacity, with many machines lying idle which the 
local Area Health Authorities cannot afford to put into use.
3. Water for Haemodialysis
Dialysates used in haemodialysis were originally prepared by 
adding concentrates to untreated mains water. While this practice 
was often acceptable, seasonal and geographical fluctuations in 
the concentrations of dissolved solids gave rise to occasional 
adverse effects. The original source of concern was based on 
fluctuation of calcium and magnesium concentrations, but more 
recently, concern has been focussed on other constituents of mains 
water. All renal units in the U.K. now use treated waters for 
preparing dialysate.
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a. Mains water
Mains water in the U.K. is generally of a high standard com­
pared with some European standards, where water sources crossing 
international frontiers make it difficult to combat pollution.
The 1945 Water Act requires that water shall be wholesome, and is 
enforced on the assumption that members of the population will 
consume a limited quantity per day, and that this quantity should 
not contain an infective dose of recognised water borne diseases 
such as typhoid fever.
Such a standard permits much variation in potable waters. 
While most British waters meet the International Standards for 
Drinking Water (W.H.O. 1968), they may fail to meet the European 
Standards for Drinking Water (W.H.O. 1970). Thus most East 
Anglian waters exceed the recommended maximum level of total 
dissolved solids of 500 p.p.m. Many waters in northern England 
have a high content of colouring material derived from peat acids. 
Fluoridation is practised in some areas, and many would question 
the potability of such water. Trace elements, industrial and 
agricultural wastes, and substances used in water treatment, may 
also be present. It is by no means certain that such pollutants, 
even when present in trace amounts, are harmless to the normal 
population (Reid, 1977).
Even if it is assumed that U.K. mains waters are potable to 
the normal population who consume some 14 litres per week, it does 
not follow that such waters are suitable for the preparation of 
dialysate, which the haemodialysed patient "consumes" at rates 
up to 1,000 litres per week. Apart from dose related responses, 
it is unlikely that the dialysis membrane has the same selective
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absorbtion as the human intestinal mucosa, and it must be con­
sidered that in the absence of renal function, toxic agents 
normally present in water and excreted in urine, may accumulate 
in the tissues of haemodialysed patients. Professor D.N.S. Kerr
of the Newcastle renal unit, has described the problems of
defending the use of water containing impurities, in an hypo­
thetical litigation, part, of which is reproduced overleaf. His 
interest however, is far from hypothetical, since dialysis patients 
in his area have a high incidence of bone disease which is thought
to be associated with the water supply.
Specific problems seen in haemodialysis patients have been 
related to constituents of mains water including calcium and 
magnesium (Drukker, 1968), fluoride (Siddigui, 1971), copper 
(Barbour, 1971), chloramines (Kjellstrand, 1974) and aluminium 
(Alfrey, 1972).
b. Water treatment for haemodialysis
All renal units in the U.K. now treat mains waters which 
are to be used for the preparation of dialysate, in order to 
overcome the problems caused by certain constituents. While there 
are no generally agreed standards for the product required, most 
units soften water by removal of calcium and magnesium; this makes 
it possible for all units to use a standard dialysate concentrate.
Great variation is seen in the water treatment installations 
used in different units, or even in different home dialysis units 
administered by the same hospital unit. One or more of the 
following installations may be seen in any unit:-
1. One way valves are fitted to the mains to prevent
contamination by backsiphonage. They are required
by the Department of the Environment (1974) regulations
which consider haemodialysis to be a Class 1 risk to
51
public health.
Counsel Does your water contain no impurities?
Myself It contains some. It picks up oxygen, nitrogen, 
and sulphur dioxide during precipita.ti on, it 
dissolves some calcium carbonate, sulphate and 
silicate from the rocks through which it seeps, 
and some humic acid and colouration from the 
Kielder Forest and the Cheviot peat bogs; there 
are a certain number of soil bacteria and some 
fertilisers, weedkillers and pesticides from the 
Tyne Valley farms; there is some sewage and 
industrial effluent from Hexham and Corbridge in 
the Tyne; they stock the reservoir with trout and 
the fishermen and sailors throw the rest of their 
lunch packets overboard; there is a little man who 
rows a boat across the reservoir towing a sack of 
copper sulphate to keep down the algae; we put 
flocculating agents into the water to get rid of 
the colour, chlorine to get rid of the bacteria, 
fluoride to help the bairns teeth; we have a hundred 
species of micro-organisms growing in our mains so 
once in a while we dose them with pyrethrins; we 
pick up a little iron, copper and lead from the 
distribution pipes  ............ .
Professor D. N. S. Kerr
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2. Coarse filters Cotton and pleated paper filters 
are used to remove metal fragments (swarf) 
originating from preceeding pipework. If such 
metals lodge in resin beds they are rapidly 
dissolved by soft water giving high levels of 
metallic ions in dialysate.
3.- Activated charcoal and carbon filters are used
to remove organic materials such as endotoxins,
and chlorine and chloramines, from water.
4. Fine filters Ceramic filters are used to remove 
bacteria from water, in order to prevent con­
tamination of subsequent installations. Some
are impregnated with colloidal silver (silver candles) 
and are said to exert a bactericidal effect due to 
oligodynamic activity.
5. Water softeners Base exchange softeners which 
remove calcium and magnesium ions, and replace 
them with sodium ions, are the commonest water 
treatment installations used in renal units. Large 
industrial units are used in the hospital ward, 
while small domestic units are used in home units. 
While cheap and easy to maintain, they are readily 
colonised by bacteria (Stamm et al., 1969).
6. De-ionisers These are functionally similar to
water softeners^ but remove both anions and cations
from water, giving a purer product. Several patients
in the Newcastle unit showed "spectacular11 recovery
from bone disease when their softeners were replaced
by de-ionisers. A disposable de-ionising cartridge
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designed specifically for home dialysis units 
is marketed (Elgastat R 100). De-ionisers are 
more expensive and more difficult to maintain 
than softeners, and like them, are subject to 
bacterial colonisation (Nazarey et al., 1974).
7. Distilled water has in the past been used in 
some units but is generally contraindicated on 
economic grounds.
8. Reverse osmosis In this installation, feed 
water is subjected to pressure against a cellulose 
acetate membrane. About 25 per cent of the feed 
water crosses the membrane to form a sterile, 
pyrogen free permeate, the remainder being 
rejected. Small molecules such as electrolytes 
are removed by ionic repulsion at the membrane 
surface. A unit designed specifically for haemo­
dialysis is marketed by Dylade Co. (Runcorn, 
Cheshire). A diagrammatic presentation of reverse 
osmosis is shown in Figure 9.
9. Ultra violet water sterilisers A model is
marketed for use in haemodialysis units (Hanovia 
model 13 H), being intended for insertioa iiito 
the mains prior to softeners and de-ionisers, in 
order to prevent colonisation of the resin beds.
It has a 254 nm. source giving a dosage of 16 
milliwatts/second/cm , which it is claimed will 
kill or inhibit the development of all known 
bacteria, viruses, and moulds.
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FFigure 9
The diagram shows a reverse osmosis plant. Untreated mains 
water or softened water enters the pressurised chamber (B) via 
the inlet (A), and pure water (the permeate) passes over the 
membrane by ultrafiltration, to enter chamber C from where it 
can be piped off at D. The residual water containing impurities 
(the concentrate) is tapped off at E. Since the membrane is 
subject to bacterial hydrolysis under static conditions, when the 
equipment is not in use water is continuously circulated via pipe F*
In most installations the membrane is in the form of an helical 
tube or hollow capillary fibres.' The product water (permeate) is 
said to be sterile and pyrogen—free.
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A 13 H steriliser installation in a home dialysis 
unit in the East Dulwich area, was followed by the 
cessation of pyrexial symptoms previously suffered 
by the patient (Dulake, 1977). No microbiological 
studies were made to show that the beneficial 
effects obtained were accompanied by a decrease in 
the numbers of viable micro-organisms in the water.
10. De-aeration All mains waters contain gases which
are liable to come out of solution when the water is 
used. This may have several undesirable effects; 
gas bubbles may reduce flow rates, trigger optical 
and hydraulic alarms, distort the flow pattern of 
dialysate, reduce the effective dialysing area, cross 
the membrane and cause frothing of blood into the 
venous pressure monitor (a hepatitis risk), or enter 
the circulation causing air embolism.
Various de-aeration devices have been used, being 
based on removal of gas by heating, reduction of 
pressure, or passage over meshes on which bubbles 
form. Most modern kidney machines now contain a 
heat exchange unit which de-aerates and pasteurises 
simultaneously.
c. Microbiological consequences of water treatment
Mains waters in the U.K. are not only of potable quality, 
but generally have a low number of viable bacteria as demonstrated 
by the standard plate count (Report, 1956; Windle Taylor 1958). 
Water of such quality is only obtained if the mains are frequently 
used and long periods of stagnation avoided. Treated waters are
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often found to contain large numbers of viable micro-organisms; 
elevated counts may be associated with, larger holding volumes, 
physical impedance by filters and resin beds, increased surface 
areas to which tactophilic species can adhere and obtain 
nutrients, and holding temperatures above that of normal mains 
water. The mere provision of a greater variety of plumbing 
materials is likely to ensure that surfaces suitable for the 
growth of bacteria are provided within the system (Burman and 
Colbourne, 1977).
Water treatment installations are .also often characterised 
by discontinuous supply (during regeneration), low flow rates . 
(through fine filters), and low pressures at which kidney 
machines may fail to work. These problems are usually overcome 
"by storage of treated waters in large tanks, often situated in 
roof spaces in order to give adequate water pressure, and 
sometimes badly maintained. Such storage of water is likely to 
exacerbate the problem of microbial contamination which is 
produced by the original water treatment plant.
Base exchange water softeners are known to be subject to 
bacterial colonisation (Stamm et al., 1969; Goodall, 1975) 
and this colonisation has been associated with pyrexias (Wing 
and Magowan, 1975), and rigors (Cameron, 1969) in haemodialysis 
patients. Dr. Robin Eady (1977) a medical consultant who is 
the world*s second longest surviving haemodialysis patient, 
having been on treatment for 18 years, attributed his continued 
good health largely to his practice of putting a cupful of 
formalin into the regenerating brine of his softener every week
De-ioniser resins are also known to be prone to colonisation 
by bacteria (Nazarey et al., 1974) which are known to produce a 
number of products including endotoxins and exotoxins which may 
be capable of passing through an intact membrane and causing 
pyrogenic reactions (Katz et al., 1976).
Most water treatment plant found in haemodialysis units has 
been installed in order to overcome well proven hazards, such as 
the hard water syndrome (Drukker, 1968), or on empirical grounds 
to avoid the possible effects of unidentified pollutants. The 
microbiological consequence of such installations, while recognised, 
have not to date been studied in depth.
The majority of kidney machines now in use pasteurise the 
incoming water before use, and in consequence, cultural examination 
of dialysates are of limited value. Many patients using such 
machines suffer pyrexia during haemodialysis, and the study of 
heat stable products of bacterial growth which might be responsible 
is probably beyond the scope of the average clinical laboratory.
Microbiological monitoring of waters and dialysates used in 
haemodialysis has been recommended (Public Health Laboratory 
Service, 1968) but is rarely, if ever, carried out.
A system has been described (Fregerslev et al., 1971;
Fregerslev, 1974) in which distilled water drawn from the still 
at 80°C., is stored in a stainless steel tank at the same 
temperature and circulated continuously through stainless steel 
pipes in the ward. At tapping points within the ward, the water 
is cooled by heat exchangers by counter current flow of tap water.
No microbial growth has been observed in water drawn from tapping 
points in four years of use. When used in conjunction with a Nycotron 
machine having a self sterilising capacity, 48 samples of
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effluent dialysate tested failed to show bacterial growth. Given 
the financial resources allocated to haemodialysis within the 
U.K./ the costs of such a system would be prohibitive.
4. Dialysate Contamination
a. Early studies of dialysate in Brighton
The presence of large numbers of contaminating bacteria in 
dialysis fluids being used in the Brighton renal dialysis unit, 
was first demonstrated in 1968 when the Department of Medical 
Microbiology was asked to investigate suitable methods of dis­
infection for the artificial kidney machines in which the dialysis 
•fluids are used. At that time the machines were being disinfected 
with dilute benzalkonium chloride as suggested by Travenol who 
manufacture the machines, but the process gave rise to considerable 
frothing problems which made it difficult to remove the disinfectant 
from the machine circulation. Disinfection with dilute formalde­
hyde was tried but while reducing bacterial numbers gave rise to 
irritant odours in the ward. It was eventually found that hypo­
chlorite solutions were both effective and acceptable to the 
machine users and this method of disinfection has been in use in 
the Brighton area since that time. It was however, found that 
while disinfectant effectively sterilised the accessible flat 
surfaces of the machine components, the dialysis fluids circulating 
in the machines during periods of treatment continued to harbour 
large numbers of viable bacteria. Records from this period show 
that when samples of dialysate were taken from the machines during 
use and used for viable counts, typical counts were between
10,000 and 5,000,000 bacteria per ml.
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In order to remedy this situation, a trial period during 
which large capacity pumps and membrane filters (Millipore 
Corp.) were connected to the dialysate tanks on the machines, 
was instituted. These removed dialysate from the tank, passed 
it through a sterilising filter and returned it to the tank, 
in a continuous secondary circulation since it had been thought 
impractical to install filtration into the actual machine 
circulation without upsetting the performance of the machine in 
respect of fluid flow rates and pressures. The use of such 
filters was shown to dramatically reduce the numbers of bacteria 
in both the tanks and dialysis compartments (see Table 3) although 
the effects in each of these areas was seen to be different.
Thus in the 120 litre dialysate tank, the contents of which were 
diminishing in volume as treatment progressed, the pumping and 
filtration unit were reducing the numbers of bacteria present at 
an increasing rate until none were detected. By contrast the 
dialysing compartment which was fed from the tank below at a 
rate of 250 ml. per minute, was of constant volume, heated to 
37°C., and contained nitrogenous waste from the patient; since 
the machine used was of the recirculating single pass type, the 
compartment was constantly re-inoculated with its own effluent. 
TItus,. even when fed with apparently sterile dialysate, the numbers 
of bacteria continue to rise.
While filtration was shown to reduce the numbers of viable 
bacteria present in dialysate to a level which might be considered 
acceptable (Sherris et al., 1961), the presence of noisy, bulky 
equipment in the ward was not acceptable to patients or staff; an 
attempt to muffle the pumps was frustrated by overheating problems.
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A submersible bactericidal ultra-violet lamp was considered 
for sterilisation of dialysate, the manufacturers claiming that 
it would be effective in a tank of this capacity (Hanovia Ltd.). 
Unfortunately the stringent regulations governing the electrical 
insulation of equipment connected to patients, prohibited its use.
Random samples of dialysate used for bacterial counts during 
this period, gave variable results which were difficult to evaluate 
or predict. The bacterial flora, as judged from colonial morphology 
was restricted to few species, but numbers present in a given site 
sampled on different occasions, varied from less than 500 to over 
1,000,000 c.f.u. per ml. It was subsequently discovered that a 
prime cause of heavy contamination was the limited capacity of the 
ward water softener which had caused the staff to use "topping up" 
tanks for the preparation and storage of dialysate.
Topping up tanks were mobile plastic tanks with a pump 
attached in the base; they were filled with dialysate and kept as 
a stand by in case of softener failure; the prepared dialysate 
contained in them could on occasions be left standing at room 
temperature for 48 hrs. before transfer to a kidney machine; since 
they were usually full they were not available for disinfection, 
which was only carried out at infrequent intervals. On one 
occasion the residual fluid of such a tank was shown to contain 
28 x 10^ c.f.u. per ml.; since the residual volume is approximately 
250 ml., when the tank was next used to prepare 120 litres of 
dialysate, it would have a starting content of 50,000 c.f.u. per ml. 
and might be left for 48 hrs. before use.
By contrast, certain batches of dialysate failed to pass a 
routine check on conductivity or osmolarity, and were then discarded 
in such a case a topping up or machine tank might be "rinsed out" 
with fresh dialysate, and a second batch prepared in the same tank
would show a greatly diminished count.
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Such factors caused much variation in the numbers of bacteria 
found in a given sample. Only if the ward practices involving 
machines and fluids were examined in depth over prolonged periods 
was it possible to predict, the degree of contamination in a 
given sample, and determine the cause. ^
b. Dialysate contamination in other renal units
Concern related to the poor microbiological quality of 
dialysate was not restricted to the Brighton area, but was part of 
a widely felt apprehension.
Maher (1964) described the use of Millipore filters, anti­
biotics, and ultra-violet sterilsers in attempts to decrease 
dialysate contamination. No details were given in this article, 
but it is perhaps sufficient to state that none of these techniques 
have come into common use in the period since then. Ultra violet 
sterilisers are however used to sterilise water prior to dialysate 
preparation.
Sherris et al. (1961) described plate counts of 10^-10^ per ml.
in dialysates studied, and stressed both the infective risks, and
possible chemical side effects of actively metabolising bacteria
in dialysate. pseudomonads and Achromobocters commonly present in
dialysate were found to have generation times of 6 hrs. at 4°C.
and 30 minutes at 37°C. In attempts to reduce contamination levels
the holding temperature of dialysate was reduced to 4°C., but
5bacterial counts over 10 c.f.u. per ml. were frequently obtained, 
and the psychrotropic species of Pseudomonas and Achromobacter 
present in the bath were, on several occasions isolated from blood 
cultures. A method of disinfection was described using 0.1 per cent, 
benzalkonium chloride (Zephiran) although the ability of pseudomonads 
to persist, and even multiply in this disinfectant, was mentioned 
in the text.
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fcuehnel and Lundh (1976) described an outbreak of Ps. cepacia 
bacteraemia involving 13 patients, which was caused by the failure 
of 1:750 benzalkonium chloride to sterilise re-used dialysers. 
Investigation showed this organism to grow after exposure to 
dilutions of 1:10. The routine had been used successfully for an 
estimated 20,000 dialysers in the past, but on this occasion, the 
practice of refrigerating the dialysers between uses had been 
omitted.
Kidd (1964) investigated dialysate used in a batch system 
and found Ps. pyocyanea, Esch. coli., Ps. stutzeri, and Achromobacter 
species in all baths at the start of haemodialysis; as treatment 
progressed Ps. pyocyanea and Achromobacter multiplied more rapidly 
than the other two species present reaching 10^ and 10^ c.f.u. per 
ml. respectively, by the time of termination of treatment. Mixed 
cultures of these species were shown to reduce the urea and 
glucose concentration of dialysate but the electrolyte concentrations 
were unaffected. The ability of by products of bacterial growth 
to pass over the dialysis membrane were investigated; pyocyanin, 
staphylococcal haemolysin, indole, acetoin, and urease, were all 
found to pass over an intact membrane. The evidence for the passage 
of urease was based on an experiment in which urease producing 
bacteria were held on one side of the membrane, and ammonia was 
shown to be formed in a urea solution on the other. Since urea 
would certainly pass over the membrane, and once in contact with 
the urease would form which would then diffuse back again,
the evidence for transmission of urease cannot be said to have been 
based on sound methodology. While this by no means vitiates the 
other experimental work, differences between the ability of 
relatively small molecules, and large polypeptide molecules such as 
urease, to pass artificial kidney membranes, represent an important 
distinction.
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It should perhaps be noted at this point that while early 
references to dialysate contamination usually refer to batch 
systems of dialysate preparation, later references are increasingly 
based on systems in which proportionating pumps are used to prepare 
dialysate at the time of use.
Bower et al. (1966) investigated the ability of concentrated 
(X 30) dialysate to support or inhibit the growth of bacteria. 
Logarithmic phase cultures of eight asporogenous species and one 
spore bearer were added to the concentrate; an exponential decrease 
in numbers of all species was seen, with the exception of the spore 
bearer (B. subtilis), and no organisms were recoverable at 24 hrs. 
Stored concentrates remained free from viable non spore bearing 
bacteria for eight months at room temperature. The toxicity of 
concentrate for vegetative bacteria was thought to be due to hyper­
tonicity but direct toxicity of the constituent (acetate) ions could 
not be entirely disregarded.
Richardson and Borchardt (1969) investigated the bactericidal 
effect of hypertonic fluids used in.peritoneal dialysis and concluded 
that this property was due to toxicity of the acetate anion for 
bacteria.
More recently, Kolmos (1976) investigating the use of benzoic 
acid for sterilising haemodialysis equipment found a bactericidal 
effect at very low concentrations which was attributed to toxicity 
of the acetate buffer in which the benzoic acid was prepared.
Jones et al. (1970) report an outbreak of Ent. aerogenes 
bacteraemia occuring in patients one hour after the start of haemo­
dialysis. This was traced to the colonisation of the underside of 
rubber gaskets in plate dialysers. Cultures of this site after
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formalin treatment yielded a mixed growth of Gram negative rods 
with Ent. aerogenes predominating. During treatment, both the 
blood and dialysate side of the membrane were contaminated from 
this source.
Falkenhagen et al. (1973) investigated pyrexial reactions in
the Rostock unit which draws its water from a well. The well
water, soft water, storage tanks, and distribution system contained 
5
less than 10 c.f.u. per ml., while the dialysate prepared from
5 6this water showed counts between 10 -10 c.f.u. per ml.
Favero et al. (1974) conducted studies of water and dialysate 
in six dialysis centres and fourteen home dialysis units, in which 
a number of different dialysis machines were used. The levels of 
bacterial contamination found were directly related to the type or 
dialysis system used, the type of water treatment, the distribution 
system, and in some cases to the type of dialyser. Recirculating 
single pass systems of the type used in the Brighton unit con­
sistently showed significantly higher levels of contamination than 
single pass systems. The levels of contamination found in single 
pass systems was found to be related to the quality of the water 
used to prepare the dialysate. The types of bacteria found in 
water and dialysate from all centres were Gram negative "water 
bacteria". Faecal coliforms were frequently detected but their 
rate of multiplication in dialysate did not appear to be extensive. 
The generation times of these water bacteria in pre-membrane 
dialysate was found to be 0.8 hours, while in post membrane 
dialysate containing nitrogenous waste the generation time was
0.6 hours.
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The high levels of contamination found in R.S.P. machines, 
despite adherence to recommended cleaning and disinfecting 
routines, seemed to be due almost entirely to the design of the 
system, and the type of disinfectant used was not a significant 
factor contributing to the levels of contamination. The authors 
conclude, "one reason that microbiological parameters have not 
been taken into account in the design of haemodialysis equipment 
might be the view that the levels of bacterial contamination in 
dialysate do not really pose health hazards for the patient.
However we believe that there are several- reasons why excessively 
high levels of microbial contamination, especially Gram negative 
bacteria, in dialysis fluids do constitute potential hazards for 
the patient."
The same study group (Favero et al. 1974a) reporting similar 
findings in a somewhat wider survey, found that if bacteriological 
counts in incoming water used to prepare dialysate exceed 100 per 
ml. there is a potential problem because their concentrations 
can easily be amplified in other parts of the system. "If the 
level of bacterial contamination in the dialysate exceeds 1,000-
10,000 per ml. the risk of pyrogenic or septicaemic complications 
exists for the dialysis patient."
Blagg and Tenckhoff (1975) stressed the dangers of dialysate 
contamination in causing bacteraemia and pyrogen reactions due to 
toxins, stating that, "despite the relatively large molecular 
weight of endotoxins, circa 200,000, there is convincing evidence 
that passage of these through the membrane can occur."
Lauer et al. (1975) compared the bacterial counts in dialysate 
from single pass and R.S.P. machines fed from a common reverse 
osmosis water source. They found the counts from R.S.P. machines
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to be higher than those from single pass machines and conclude 
that the recommended method of disinfecting the R.S.P. machines 
with hypochlorite was ineffective due to the design which con­
tained sites inaccessible to disinfectant. A most interesting 
finding was the presence of bacteria in reverse osmosis water 
used to prepare dialysate, in greater numbers than those found 
in the mains water used to supply the reverse osmosis plant.
Reverse osmosis is generally considered to give water free from 
bacteria and endotoxins (Goodall and Lorch, 1970) and users 
rarely consider the possibility of bacteria back tracking frora 
the outlet point, to contaminate the permeate side of the 
apparatus.
Although Bacillus species have been described in dialysate 
concentrate (Bower et al. 1966), this species seems to have caused 
few problems in haemodialysis units. However, Curtis et al. 1967 
have described an outbreak in which five haemodialysed patients 
suffered B. cereus bacteraemia following the use of dialysate 
contaminated with this species. All patients showed febrile 
reactions, and in one of these the presence of the organism 
was associated with prolonged systemic disease. The outbreak 
coincided with the substitution of 0.8 per cent, formaldehyde 
which had previously been used to sterilise equipment, by 3 per cent, 
acetic acid; no further cases were seen when the use of formalin 
was re-instated.
c. Micro-organisms present in dialysate
Table 4 shows the organisms isolated from dialysate or from 
water used to prepare dialysate, which are named in the literature 
on the subject between 1961 and 1976. Of the 50 isolates given,
44 are Gram negative rods the remainder being 3 Bacillus, and one 
isolation each of Sarcina, Staphylococcus and yeasts.
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Author Organisms reported
Sherris et al., 
1961
Pseudomonas, Aerobacter, 
Achromobacter
Kidd, 1964 P. aeruginosa, P. stutzeri, E. coli, 
Achromobacter '
Curtis et al., 
196/
Bacillus cereus
Starzl et al., Aerobacter-Klebsiella,
1968 P. aeruginosa, £. coli, paracolon 
strains
Gazenfield-Gazit 
and Eliahou , 
1969
P. aeruginosa, coliform bacilli, 
pseudomonas like organisms
Jones et al., 1970 E. aerogenes, P. aeruginosa, 
non pigmented pseudomonads, 
Achromobacter species
Falkenhagen et al.,
19/3
P. aeruginosa, Aeromonas, 
Enterobacter, E. coli, Acinetobacter 
aerobic sporebearers, Sarcina sp., 
Staph, epidermidis
Favero et al., 1974 P. aeruginosa, Pseudomonas sp., 
Achromobacter, Xanthomonas sp.,
Moraxella, Acinetobacter
Lauer et al., 1975 Bacillus sp., P. maltophilia,
Flavobacterium sp., P. cepacia, 
P. aeruginosa, Pseudomonas sp., 
Alcaligenes sp., Klebsiella sp., 
Enterobacter sp.
Kolmos, 1976 C. freundii, K. pneumoniae,
P. aeruginosa, P. putida, 
Pseudomonas (others^, yeasts 
A. tormicans, E. cloacae.
Table 4
The organisms reported in publications between 1961-1976, 
as having been isolated from dialysate or water used for 
the preparation of dialysate. Of the fifty organisms 
named, forty four are Gram negative bacilli.
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No details are given of the results of characterisation 
tests or taxonomic methods used to identify the- Gram negative 
bacilli, which are often not identified at a specific level, 
and in some cases even the genus is not clear since terms like 
"coliform", "paracolon" or "Aerobacter-Klebsiella" are used. 
However, given licence, one could say that of the Gram negative 
rods, 14 correspond to members of the Enterobacteriaceae while 
the remaining 30 are of non-fermentative type; these non- 
fermentative rods can in turn be broken down into 24 which are 
cytochrome oxidase positive, mainly pseudomonads, and 6 which are 
oxidase negative being labelled Achromobacter or Acinetobacter.
Lack of taxonomic detail available is a reflection of the 
difficulty encountered when attempting to identify non-fermentative 
rods over the period covered by the literature quoted, as well as 
lack of interest on the part of the medical microbiologist in 
dealing with species which have in the past been regarded as 
"non pathogens". With the increased incidence of opportunist 
infection due to such organisms, and improved methods of 
characterisation and taxonomy, the latter attitude is no longer 
tenable. But even in the face of poor classification and 
identification the fact that some 89 per cent of isolations are 
Gram negative rods is of value since there is growing interest in 
the passage of the toxic products of bacterial growth, notably 
endotoxins, across the dialysis membrane. It seems probable 
that most, if not all, Gram negative rods are capable of producing 
endotoxin, although those which lack the capacity to persist and 
multiply in the body have in the past, been of little medical 
interest. But when grown in haemodialysis systems which represent 
an entirely novel form of confrontation between microbe and man,
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in which the products of bacterial growth outside the tissues, 
are separated from the circulation by only a thin .m e m b r a n e ,  a l l  G r a m  
negative rods might be regarded as having a potential for causing 
disease.
d. Unresolved problems related to dialysate contamination
If it is accepted that the fluids used in haemodialysis are 
frequently contaminated with large numbers of viable bacteria, 
and if in consequence limited finance and other resources will be 
diverted by any attempts to improve the microbiological quality of 
these fluids, it is first necessary to establish whether or not 
such contamination has relevance to the well being of patients 
who are receiving this form of treatment. Colonisation of dialysate 
could adversely affect the health of dialysed patients by the 
three following methods:
1. Chemical changes in the composition of dialysate.
It is likely that the degree of contamination seen 
in some dialysates could substantially alter their 
chemical composition in terms of concentrations of 
acetate, glucose and hydrogen ions (pH). If such 
changes were associated with clinical symptoms 
the first steps in the investigation of such a 
phenomenon would lie with the biochemist and physician. 
When patients experience unexpected symptoms during 
haemodialysis they are normally attributed to 
physiological abnormality of an individual patient, 
technical defects in the dialysing process, or in­
correct chemical composition of the dialysate, and 
are investigated on this basis; it was therefore
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thought unlikely that further chemical studies of 
dialysate composition would prove profitable. In 
this context it should perhaps be mentioned that 
commercially supplied dialysate concentrates 
sometimes show variation in composition; for this 
reason alone many thousands of routine chemical 
analyses are carried out each year in biochemistry 
laboratories to verify the constituents of dialysate 
and their concentrations. For these reasons the 
possibility of disease due to chemical change in the 
dialysate w q£;; not pursued.
2. Infection. The possibility that organisms present 
in dialysate could be the source of infection in 
patients, is a cause of serious concern in many 
renal units. Most renal units have in fact purchased 
kidney machines which sterilise or pasteurise the 
dialysate in an attempt to overcome this problem.
’ Concern has been centred round the controversy on 
ability of the dialysing membrane to prevent the 
passage of micro-organisms from dialysate to blood, 
although infection of shunts and other sites may well 
occur via other routes. The growing practice of 
re-using "software" such as disposable blood lines 
and dialysers has increased the risks of infection. 
Such equipment, which may have been immersed in 
dialysate containing large numbers of viable micro­
organisms, is usually rinsed in untreated mains water, 
disinfected in the unit with formaldehyde or quarter- 
nary ammonium compounds, rinsed with sterile saline, 
and stored until the next treatment session.
72
3, Endotoxaemia. It is possible that the products of 
bacterial growth such as endotoxins, are able to 
traverse the dialysing membrane, and thus cause 
symptoms even in the absence of viable bacteria.
If such a mechanism represents the major hazard of 
dialysate contamination, it is possible that those 
kidney machines which pasteurise the dialysate, might, 
by virtue of greater release of toxic material from 
de-vitalised bacteria, cause more problems than those 
machines which are known to contain viable organisms.
The P.H.L.S. Working Party on Infection Risks in Haemodialysis 
(1968) considered three aspects of haemodialysis to be of special 
concern to the microbiologist, the hepatitis risk, the incidence 
of shunt sepsis, and the hygiene of equipment used. Since their 
report the incidence of hepatitis in renal units has been con­
trolled in this country although it remains a problem in other 
areas of the world, and the shunt with its high risk of sepsis 
has been largely replaced by the arterio-venous fistula. On the
subject of machine hygiene the report states that when bacterial
4counts in dialysate are below 10 c.f.u. per ml. the patient is 
apparently unaffected but with counts above 10^ c.f.u. per ml. the 
composition of the fluid may change significantly and bacterial 
metabolites diffuse across the membrane sometimes giving rise to 
severe reactions. It is noted that machines having proportionating 
pump systems and pasteurising cycles reduce the likelihood of 
bacterial growth in dialysate, but continue - "the use of these 
machines has not unfortunately entirely eliminated the contamination 
of haemodialysis equipment with bacteria, which are probably derived 
from the water supply or from water softeners.11
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The report recommends the use of hypochlorite (1,000-10,000 
p.p.m.) disinfection for thirty minutes, for used equipment.
The choice of this disinfectant is based upon the postulated 
activity against hepatitis virus, in order to prevent spread of 
hepatitis via the kidney machines which may be used for several 
patients in the course of a week. The corrosive -action of hypo­
chlorite on some materials is noted and it is suggested that a 
rough check should be made at the end of the disinfection period 
for available chlorine when "virtually any detectable chlorine 
level can be regarded as satisfactory."
The reported gradual build-up of bacterial contamination in 
dialysis fluid, probably derived from the water supply or from 
water softening equipment, is mentioned in the report, and it is 
noted that the experimental use of in line filters for continuously 
removing bacteria from dialysis fluid have given promising results. 
It suggests that routine bacterial counts on samples from the 
dialysate fluid circuit are essential for the control of the 
disinfection methods being used in the unit, but continues - 
"firm guidance cannot be given at present on the best culture 
media or temperatures of incubation, or on the identification of 
the saprophytic organisms isolated. A simple method for direct 
culturing of dialysis fluid samples - for example, by a technique 
analogous to the dip slide culture method for urine, would be of 
use."
It might be thought that these recommendations, coming from 
such an authoritative source, would be widely adopted. Discussion 
with workers from many renal units in the U.K. has in fact failed 
to reveal a single unit which practices any routine microbiological 
screening of dialysate. Of equal significance is the fact that
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although the practice of re-using disposable equipment is condemned 
by both the manufacturers and the D.H.S.S. (Gooch, 1977), it is 
carried out on an ever increasing scale in order to stretch 
financial resources further.
Kelley (1976) points out that litigation might be a financial 
item that has been largely overlooked in the field of haemodialysis, 
when describing a successful suit by the widow of a patient who died 
of Esch. coli. septicaemia following haemodialysis. It is stated 
that the technology to prevent serious infection to the dialysis 
patient is available and it is up to the dialysis community to accept 
this new responsibility and take all necessary precautionary.measures. 
It concludes "while the field of nephrology has passed through this 
era of malpractice litigation relatively unscathed, it is, none­
theless, a fertile field for litigation. The first seed has been 
planted in this field and it's called septicaemia."
e. Infection risks from dialysate contamination
Application of the "germ theory" of disease, which postulates 
that infectious disease is the inevitable consequence of con­
frontation between pathogenic micro-organisms and non-immune 
subjects, has led to a great decrease in the incidence of most 
epidemic diseases, due to immunisation procedures and the use of 
antibiotics. As a consequence, the incidence of infectious disease 
due to organisms which have not in the past been regarded as patho­
genic, in subjects who for one reason or another have less resistance 
to infection than is the norm, have become relatively more frequent 
and important. The increase in incidence of what are now known as 
"opportunistic infections" is exemplified by the work of Gilardi 
(1972), who describes seventeen cases of infection due to seven species 
of Pseudomonas, other than Ps. aeruginosa, all of which would in the 
past, have been regarded as non-pathogenic for man.
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The practice of haemodialysis involves the use of fluids 
containing large numbers of opportunistic species, patients who 
are known to have less than normal resistance to infection, and 
combines the two in a unique and intimate form of confrontation 
between microbe and man.
There is little doubt that patients with renal disease show 
a greater susceptibility to infection than healthy subjects. 
Lawrence (1965) has labelled the uraemic state as "natures immuno­
suppressive device."
Montgomerie et al. (1968) stated that infection was a major 
cause of mortality in acute renal failure, while in chronic, 
renal failure predisposition to infection is sometimes suggested 
but is less easy to substantiate being complicated by the surgical 
procedures to which the patient is subjected. A number of factors 
which may affect the incidence of infection in renal disease are 
discussed including, reduced mucosal secretion, decreased 
inflammatory response, decreased clearance of antigen by the 
reticuloendothelial system, reduced humoral response to antigen, 
a reduced cellula,r response as seen in reduction of delayed type 
skin reactivity and delayed rejection of skin homografts, and poor 
woulvd healing and tissue repair.
The presence of a permanent arteriovenous shunt or fistula 
represents a "locus minoris resistentiae" which would probably be 
prone to infection even if placed in a subject with normal renal 
function, and there is ample evidence of their susceptibility in 
patients with chronic renal failure.
Rebel et al. (1975) in a study of the flora of shunt sites, 
records that they frequently become colonised with Staph, aureus 
of autogenous origin and point out that colonisation does not
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correspond with clinical infection. Five clinical infections of 
the shunt are described, one involving an organism of the 
Klebsiella-Enterobacter group which are common in dialysate.
McIntosh et al. (1969), give the results of 2,347 swabs 
taken from shunt sites, which showed the following isolation 
rates:- Staph, albus 274, Staph, aureus 84, Strept. faecalis 9, 
Esch. coli. 4, and Ps. aeruginosa 3. The absence of growth in 
the majority of swabs is explained by the use of oral antibiotics 
and topical antiseptic (Savlon).
Martin et al. (1968) state that most clotting episodes in ' 
arteriovenous shunts are of infective origin. Of 78 shunt 
i-nfections studied, 2 were due to Ps. aeruginosa, the remainder 
being autogenous Staph, aureus infections.
Curtis (1967) agrees that most shunt infections are due to 
Staph, aureus, but states that while such infections are easily 
controlled, the less frequent infections due to Ps. aeruginosa 
are less easily controlled and the shunt prognosis is worse.
Levi et al. (1970) in a series of seven cases of shunt 
infection leading to septicaemia, found five to be due to Staph, 
aureus and two to be due to Ps. aeruginosa. Two of these cases, 
one due to Ps. aeruginosa, progressed to pulmonary embolism.
Such references clearly show that not only do haemodialysed 
patients suffer from a high incidence of shunt infection, but 
that when these episodes are carefully studied, the aetiological 
agent is often a species which is commonly found in contaminated 
dialysate.
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The same species are commonly incriminated in episodes 
of infection which follow the use of re-used dialysers. While 
most plate dialysers are designed to be dismantled and re-used 
after inserting a new membrane, many plate dialysers and all 
coil dialysers, are intended to be used only once. The re-use 
of the latter involves cleaning and disinfection of items which 
cannot be dismantled in order to remove old blood and products 
of bacterial growth which may adhere to them.
Johnson et al. (1969) described a routine used for re-using 
coils. The coil is washed through with ten litres of non- 
sterile saline and then filled with 1:750 benzalkonium chloride 
tmd stored at 4°C. until required. For use, the outside was 
washed with warm tap water, and five litres of sterile water 
followed by two litres of sterile saline are pumped through the 
blood compartment. The coil is pressure tested before re-use and 
each coil is used up to fifteen times. The authors claim 
experience of 5,300 haemodialyses with re-used coils with no 
related clinical side effects.
By contrast,,Kuehnel and Lundh, (1976) using the same 
technique, describe an outbreak of Ps. cepacia septicaemia when 
the coils were not refrigerated between uses.
Wagnild et al. (1977) in a comprehensive study of the micro­
biology of re-used coils, found that all coils having more than 
one use, and 32 of 48 coils used only once, contained Ps. aeruginosa 
when filled with culture media; this suggests that the 1:750 benz­
alkonium chloride used to disinfect them was unable to eradicate 
this organism. In 201 blood cultures taken routinely from 17 
patients over a six week period, 18 cases of bacteraemia were
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recorded of which fifteen were due to Ps. aeruginosa. Only one 
case was symptomatic which perhaps helps to explain the apparent 
success that other workers have recorded with the same technique.
The authors conclude "microbial contamination of dialysate is 
recognised as an area requiring constant surveillance - reused 
equipment should be monitored by cultural techniques, such as 
incubation of media filled coils - because of the increased risk 
of infection inherent in coil resterilisation, we have chosen to 
discontinue this practice in our haemodialysis programme".
Nicholson (1972) describes a re-use technique based on 
disinfection of coils with 0.4 per cent formaldehyde which is the 
technique used in most U.K. units where coils are re-used. In 
over 100 dialyses with re-used coils only one episode of pyrexia 
was encountered; this was on the second use and since the 
microbiological studies carried out were negative, the coil was 
used on five subsequent occasions without ill effects; the latter 
would seem to indicate that problems of re-use are not due to 
increased membrane porosity.
Down et al. (1970) reporting from the Portsmouth renal dialysis 
unit describe a re-use technique based on formaldehyde disinfection 
and conclude "Slightly more pyrogen reactions occurred with coil 
than with Kiil dialysers, most reactions being of the early type 
and rarely associated with rigors. To determine the cause of these 
episodes numerous blood cultures, dialysate cultures, and cultures 
from membranes, lines and various parts of the equipment, were 
carried out, but failed to yield any positive correlations.
A study of the activity of skin macrophages in haemodialysed 
patients (Ringoir et al. 1975) has shown that phagocytosis of 
carbon particle swas significantly depressed in the first four
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months of treatment, after which is was comparable to that seen in 
normal subjects. The authors suggest that depression of macro­
phage activity was a feature of renal failure which was reversed 
by the use of adequate haemodialysis. Thus the dangers of 
dialysate contamination might be relatively greater in the early 
stages of treatment.
Similarly, the common practice of giving haemodialysis treat­
ment to recently transplanted patients, in whom the donor kidney 
is not showing adequate function and is being supported by immuno­
suppressive therapy, may represent a period of haemodialysis 
treatment in which the risks of dialysate contamination are enhanced.
f. ’Endotoxins and contaminated dialysate
While the heating of dialysate by modern artificial kidney 
machines may reduce the numbers of viable bacteria present, they 
do not reduce the concentrations of heat stable products of bacterial 
growth such as endotoxins. Since such products are of necessity, 
smaller than whole bacteria, the possibility that they may pass 
over intact membranes is increased, although there is considerable 
controversy surrounding the passage of both intact bacteria and 
endotoxins through membranes.
Mains waters normally contain endotoxins in variable amounts, 
although the amount normally present is probably insufficient to 
cause endotoxaemia when dialysate is prepared from them<
(Jorgensen et al. 1976). Endotoxins are produced by most Gram 
negative bacilli, and since growth in dialysates consists mainly 
of Gram negative species, it can be assumed that contaminated 
specimens of dialysate will contain measurable quantities of 
endotoxin. Most workers agree that symptoms of pyrexia (endo­
toxaemia) can be expected when the bacterial flora exceed certain 
numbers although there is no general agreement on an acceptable 
level of contamination.
Quarles et al. (1974) haemodialysed a goat using an arti­
ficial kidney in which the dialysate was inoculated with 
Serratia marcescens; the aim of the experiment was to produce a 
continuous culture system for bacterial growth in which the extra- 
corporeal circulation of the goat provided the nutrients by 
diffusion over the membrane. The responses of the goat to this 
experiment were given in some detail; at low levels of bacterial 
density the animal experienced no ill effects; when the system 
was adjusted to give bacterial densities abot 10 per ml. the 
animal suffered pyrexia, lethargy, failure to feed, neutropeamia, 
and passage of bloody urine. To control the possibility that 
such symptoms might be due to non-specific effects of bacterial ‘ 
growth, a second model was used in which the system was inoculated 
with the avirulent Sterne (vaccine) strain of Bacillus anthracis; 
even at massive bacterial densities, no symptoms of toxaemia were 
seen. Negative blood cultures were obtained from the animals in 
both models, which suggested that the symptoms of toxaemia in the 
first model were due to the passage of toxic material, obtained 
from a Gram negative species but not from Gram positive, over the 
dialysis membrane. Such a postulate is in accord with the 
experience of many other workers, in human haemodialysis.
Robinson and Rosen (1971), in a study of pyrexial reactions 
during haemodialysis, found 450 such reactions in a period of 468 
patient months. Blood cultures were taken during pyrexia but the 
number of positive results (38), was no greater than in a control 
series of blood cultures from apyrexial patients. All patients 
who had more than ten dialyses showed one or more reactions, but 
the incidence varied from patient to patient. The pyrexia
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(defined as a body temperature above 100°F) was often 
accompanied by rigors, back p a i n s ,  s h i v e r i n g ,  h y p o t e n s io n ,  and  
- occasionally bleeding; the clinical picture is similar to that 
seen after experimental intravenous injection of endotoxin.
Biagini et al. (1970) reduced the incidence of pyrexial 
episodes during haemodialysis by pretreatment of the dialysate 
with activated charcoal which is known to absorb endotoxin.
Raij et al. (1973) reporting 52 pyrexial episodes in 33
patients, used the Limulus endotoxin assay to demonstrate
circulating endotoxin in the blood in 22 of these episodes.
Blood cultures were always negative. Dialysate cultures were
all negative (incubated at 37°C) with the exception of one which
contained Pseudomonas aeruginosa at 10^ orgs. per ml. All
dialysates contained endotoxin at levels between 5 x 10"^ to 
55 x 10 picograms per ml. No correlation was found between the 
level of endotoxin in dialysate and the occurrence of pyrexia.
In vitro experiments showed that endotoxin traversed the membranes 
of two out of six dialysers examined. They conclude:- "the 
presence of endotoxin in dialysate is strong evidence that it 
is a cause of endotoxaemia - elimination of endotoxin from the 
dialysate should be emphasised in future technological advances 
in haemodialysis.
Gaenfield-Gazit and Eliahou (1969) used endotoxin prepared
„ from dialysate bacteria, including Pseudomonas aeruginosa, to
sensitise erythrocytes for use in passive haemagglutination tests
for endotoxin antibodies. The sera of 12 dialysed patients showed 
*
significant titres of endotoxin antibody; three of these patients 
had negative tests when starting treatment but all became positive
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within three months. It was concluded that these results are 
compatible with exposure to endotoxic antigens, possibly from 
flaws in the cuprophane membranes. It was also suggested that 
endotoxaemia might have a beneficial role in stimulation of an 
otherwise depressed immune system.
Hindman et al. (1975) reported on a two month period during 
which 23 of 70 patients suffered pyrexias during haemodialysis 
treatment. This corresponded to a period of drought when the 
local water supplies were low and the algal count in the mains 
water was exceptionally high; blue green algae are known to be 
potent sources of endotoxin. Bacterial counts in source water 
were not recorded but tap water and dialysate showed bacterial 
counts less than 20 per ml. Lijnulus assay showed the tap water 
and dialysate to be strongly endotoxic. Plasma obtained from 
four patients during overt reactions were all endotoxin positive 
while three control plasma specimens run in parallel were all 
negative. Water specimens tested three weeks after the epidemic 
were all negative for endotoxin. Eighteen patients having an 
antecedent Gram negative infection showed a lower attack rate 
(2.2 per cent) than patients without such a history (8.6 per cent) 
It was concluded that this type of outbreak was most likely to 
be found where municipal water systems draw on surface waters.
Starzl et al. (1968) warned of the long term consequence 
of exposure to endotoxins which have passed over the haemodialysis 
membrane. Some patients receiving kidney transplants show a hyper 
acute form of rejection which may occur within a few minutes of 
the donor kidney being connected, the kidney becoming cyanotic, 
losing turgidity and ceasing to pass urine. When such kidneys 
are removed and examined histologically, they show a picture
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similar to a generalised Schwartzman reaction. The development 
of Schwartzman reactions in these patients could be explained by 
overloading of the reticulo endothelial system due to "haemolysis 
which always occurs during haemodialysis and constant exposure 
to endotoxins from the dialysis baths which are known to cross 
cuprophane membranes." "It is evident that precautions should 
be taken before transplantation to avoid predisposing factors such 
as blood haemolysis and bacterial contamination.
5. The Present Study
The present study was prompted by concern related to the 
heavy colonisation rates found in random samples of dialysate 
in the Brighton unit. Although the heavy bacterial colonisation 
(see page 5-?) of dialysates could not be related to overt clinical 
reactions in the patients being treated, it was felt to be worthy 
of further investigation. A high incidence of pyrexial reactions 
during haemodialysis had already been reported from other units 
(Robinson and Rosen, 1971) but such reactions were not being 
experienced in Brighton.
Experience at that time was related entirely to samples 
obtained from the Travenol R.S.P. machine, which was the only 
artificial kidney machine in use in Brighton. During the course 
of the study it became increasingly clear that the Brighton unit 
was unusual in both the type of machine used and in the exclusive 
use of coil dialysers; this realisation has been the cause of some 
changes in the investigative plan and in the interpretation of 
the results obtained.
The aims of the study
The aims of the study included investigation of the following 
s.
1. The nature of contamination. To provide 
qualitative and quantitative data, on the nature
of microbial contamination present in haemodialysis 
fluids,
2. The sources of contamination. A qualitative study 
to determine the source or sources of, microbial 
species found to contaminate dialysate.
3. Factors affecting colonisation levels. A quanti­
tative study of samples from various points in the 
haemodialysis process, to reveal factors which
affect the persistence or proliferation of contam inating 
flora.
4. The significance of contamination. Comparison of 
microbiological and clinical data; to reveal any 
relationship between dialysate contamination and 
patient welfare; to determine permissible levels of 
contamination compatible with successful treatment;
to reveal individual species which might be responsible 
for side effects seen during treatment; to provide 
information on dialysable products of bacterial 
growth which might cause clinical symptoms during 
or after treatment.
5. Methods of controlling contamination levels. Use of 
information in 1-4 above to keep contamination levels 
to an acceptable level. This section to cover design 
features of equipment used, storage of fluids used, 
working practices in haemodialysis, and methods of 
sterilisation and disinfection.
b. Planning of the present study
Planning of this study covered a wide range of investigations
which would permit changes of emphasis as it progressed, dependent 
upon contemporary information obtained from samples examined and 
new literature on the subject. As originally planned, the study 
consisted mainly of in depth investigation of the use of the 
R.S.P. machine. However, the lack of side effects seen in patients 
using this machine, in spite of heavy levels of microbial contam­
ination, and the knowledge that few other units now use machines
of this type, prompted more investigation of fluids from other
dialysis units than was originally envisaged. An outline of the 
planned areas of investigation is given below, and the same infor­
mation is presented diagrammatieally in Figure 10.
1. The nature of contamination. This was planned as 
an expansion of the preliminary studies already 
carried out. For this purpose more sampling points 
were to be used on the R.S.P. machine, and sampling 
was planned to run concurrently with studies of the 
working-practices of the ward, in order to detect 
any variations of routine which might affect the 
results obtained.
A collection of the species present in dialysate was 
to be used to determine which species proliferated 
in the various ecological niches which the haemo­
dialysis routine provided. Since the organisms con­
cerned were largely of non-fermentative types which 
do not lend themselves to easy identification based 
upon a limited number of characters, this was likely 
to form a major part of the study. A collection of
86
S tu d y  a r e a  
S o u r c e  o f  c o n t a m i n a t io n  
P e r s i s t e n c e  o f  c o n t a m in a n t s  
S p e c i e s  p r e s e n t  U—
P r o l i f e r a t i o n  o f  c o n t a m in a n t s  
E n d o to x in  p r o d u c t io n
4 ^
C o n t r o l  m e a s u r e s  in d ic a t e d
R e l a t i o n s h i p  to  
W a te r  and  w a t e r  t r e a t m e n t  
D i a l y s a t e s  and  k id n e y  m a c h i n e s  
W o r k in g  p r a c t i c e s  
W ard  e n v i r o n m e n t
C l i n i c a l  r e l e v a n c e  to  
U n e v e n t f u l  h a e m o d i a l y s i s  
I n f e c t i o n  
P y r e x i a l  e p i s o d e s  
K id n e y  h o m o g r a f t  r e j e c t i o n
Figure 10
A diagram showing the outline plan of the present study. The 
microbiological study areas are first related to environmental 
factors which are reported in the results section entitled 
'the microbiological ecology of haemodialysis.1 Clinical 
studies are then used to determine the clinical relevance of 
microbial contamination, which are reported in the results 
section entitled 'the pathologic significance of dialysate 
contamination.' Possible control measures would only be studied 
in depth if dialysate contamination was shown to be clinically 
relevant.
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500 isolates from various sites might reasonably 
be expected to reveal predominant species or phenons, 
some of which could be selected for further study.
In order to avoid the errors inherent in random 
sampling, a series of intensive studies were planned 
in which a large number of samples were taken from a 
single machine during a one week period of routine 
use. The results obtained by this method, would, 
if such a method was used at intervals, reveal variations 
in colonisation rates over a long period of time. Since 
when machines are in routine use, it is not possible 
to vary the conditions of use, it was planned to use 
a laboratory based machine for more detailed studies 
of the effects which variations in usage might have on 
colonisation levels.
Since it could not be assumed that the conditions 
found in the Brighton unit were representative of 
dialysis in general, it was planned to obtain samples 
from other units, for the purpose of comparison.
Sources of contamination. Since at the commencement 
of the study, it was known that the predominant flora 
of dialysates were made up of oxidative species, it 
was probable that water sources were involved, and 
studies of both mains and softened water were envisaged. 
Other less probable sources of contamination which 
might require investigation were the aerial flora, 
the dialysate concentrate solution, the flora of 
personnel in contact with the machines, and back 
siphonage from the effluent side of the machine.
3. Factors affecting colonisation. While mains water 
is likely to harbour a wide variety of viable micro­
organisms, the numbers present are usually small, 
and are certainly smaller than the numbers known
to be present in dialysate. It was therefore 
necessary to study the factors responsible for 
the proliferation of micro-organisms which was known 
to occur between the mains water inlet and the 
dialysate at the point of contact with the dialysing 
membrane. This area of the Work could conveniently 
be broken down into component parts; the effects of 
water treatment plant; the effects of storage of 
water or dialysate; the design and structure of the 
machine used; the effects of raised temperature and 
nitrogenous waste at the point of membrane contact. 
These factors while likely to be responsible for 
primary colonisation of the machine and dialysate,
. could be amplified by inadequate sterilisation and 
disinfection routines, which required further study.
4. The clinical significance of dialysate contamination 
This section of the plan involved comparison of the 
data obtained in section 1-3 above, with the clinical 
state of the patients being treated. Since the study 
was primarily microbiological rather than clinical in 
nature, it would be necessary to use any clinical 
data that might become available; for this reason it 
would be necessary to establish a good working 
relationship with the staff of the Brighton unit, to 
ensure feedback on episodes of infection or pyrexia
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which might occur. However, since such episodes 
were originally thought to be infrequent in 
Brighton, it was probable that contacts in other 
dialysis units would be necessary.
Information on the infection rates suffered by 
haemodialysis patients could be obtained by 
retrospective study of case notes, which should 
also indicate the species involved. It would 
of course be preferable to study cases of infection 
as they occurred, where this was possible. The 
antigenic responses of haemodialysed patients to 
organisms known to colonise dialysate, might also 
be worthy of study, whether such patients were 
known to have had overt symptoms or not.
Since patient temperatures were not recorded 
routinely in the Brighton unit, and episodes of 
pyrexia were not thought to occur here, it would 
be necessary to obtain the co-operation of the ward 
staff in order to carry out a study of patient 
temperatures. In the absence of raised temperatures, 
the Brighton patients might be used as a baseline 
for similar studies carried out in other units.
The possibility of soluble products of bacterial 
growth such as endotoxin, passing over the dialysis 
membrane and giving rise to patient reactions, 
represented a suitable area for investigation. The 
Limulus amoebocyte lysate test represented a suitable 
in vitro, quantitative, method of assay for endotoxin, 
which if miniaturised as suggested by Frauch (1973)
would give information on this point at a reasonable 
cost of time and other resources. Depending upon 
the availability of the test reagent, the Limulus 
test might be used to study the quantitative pro­
duction of endotoxin by species present in dialysate, 
interactions between endotoxins and dialysis membranes, 
and the ability of endotoxin samples to pass over the 
membrane under specified conditions.
The effects of dialysate contamination on the success 
rate following kidney homografts was a further area 
worthy of investigation since it had been suggested 
(Starzl et al. 1968) that hyperacute rejection of 
the donor kidney was related to exposure to antigens 
present in dialysate. Since the number of patients 
showing this type of rejection in any given unit is 
likely to be very small, studies would have to be 
based on returns from a large number of units in 
order to obtain significant information. If a group 
of units where such reactions were relatively common 
could be identified, it might be possible to relate 
these reactions to common haemodialysis routines 
involving dialysate contamination. Such studies 
should be restricted to rejections of the hyperacute 
type, since long term survival of homografts is 
related to supporting immunosuppressive therapy, 
which varies from unit to unit.
Methods of controlling contamination levels. This 
part of the plan would of necessity be related to 
section 3 - the factors affecting colonisation.
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It was planned to study the microbiological con- ’ 
sequences of cleaning, storage, and disinfection 
routines, as well as the effect of design and con­
struction of machines and dialysers on colonisation. 
Developments in disinfection and sterilisation 
would also be studied with applications in haemo- 
dialysis in mind.
While it may be difficult to postulate routines 
which satisfy the principles of hygiene without 
compromising what many would see as the more functional 
aspects of haemodialysis, this should remain an aim 
of this work.
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MATERIALS AND METHODS
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1. Sampling Methods
a. Waters and dialysates
Mains waters were sampled by the method described in the 
Bacteriological Examination of Water Supplies (1969). External 
fittings were removed from taps which were then cleaned with 
paper tissues to remove grease and loosely adherent material 
from the outlets. Water was then run off for 2-3 minutes to 
remove the contents of the service pipes, and the taps heated 
with a portable butane burner until too hot to touch with the 
hand. Water was then run off until the taps were cool when the 
samples were taken into sterile bottles containing a small crystal 
of sodium thiosulphate. Some mains water samples were sampled 
with external fittings attached to the tap in order to determine 
the effect of such fittings on waterquality; when such samples 
were used, they were taken serially after running the tap for 
varying intervals of time.
Softened and de-ionised waters obtained from wards were 
sampled in a similar manner when they were piped to metal taps. 
Where such waters were kept in storage tanks, these were also 
sampled at intervals throughout the depth of the tank. Soft and 
de-ionised waters from home dialysis units were sampled from any 
available outlet; in most cases this was a bayonet water fitting 
entering the dialysis machine which, since it was fitted to 
plastic tubing, could not be heated. Waters taken directly from 
softeners and de-ionisers were sampled after running the water 
for varying intervals of time.
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Dialysates were sampled by running them into sterile glass 
bottles. Where dialysates or waters were held in standing con­
tainers or dialysis machines, they were sampled by aspiration 
into a sterile syringe. Samples in least accessible sites were 
obtained by attaching a sterile plastic tube 175 mm long 
(Simplette, A. J. Seward) to the syringe; such tubes could be 
connected to each other in order to sample at any depth.
b. Air samples
Air samples were taken using a Casella Bacterial Air 
Sampler Mark 2 (C. F. Casella, London) with an oil free diaphragm 
pump. Fifteen litre samples were taken on to 7 per cent, horse 
blood agar, MacConkey agar, and Sabouraud*s dextrose agar, while 
the haemodialysis machines in the ward were in use. On each 
occasion samples were taken from sites adjacent to machines as 
well as peripheral sites in the ward. When samples were taken from 
sites adjacent to machines, a swab was taken from the machine 
compartment for comparison.
Blood agar and MacConkey plates were incubated for 2 days, 
and Sabouraud*s agar plates were incubated for 5 days; the 
number of colonies developing from each air sample was recorded, 
and the flora compared with that obtained from machine compartment 
swabs.
c. Hand wash samples
The hands of renal unit staff were sampled by the method of 
Casewell and Phillips (1977). Each hand was put into a sterile 
Dispos-a-glove (Ethicon Ltd.) and approximately 50 ml. of quarter 
strength Ringer*s solution poured into each glove; the gloved 
fingers were then rubbed together for 30 seconds, the gloves 
carefully removed, and the contents poured into a sterile bottle.
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Since the hands were most likely to be contaminated with dialysate 
flora when machines were being prepared prior to treatment, all 
samples were taken at the end of treatment sessions in late 
morning or afternoon.
Throse staff directly involved with treatment of patients wore 
disposable latex gloves for long periods of duty,' although since 
they touched a wide variety of objects while working, they were 
not regarded as being surgically sterile. These gloves were also 
sampled, by withdrawing them from the cuff in order to remove 
them inside out, and pouring Ringer*s solution into them. The 
hands of glove wearers were also sampled by the method described 
above. Samples from the left and right hand were marked and 
cultured separately.
Cultures of hand and glove washings were made by direct 
plating on to MacConkey agar and by placing 10 mL of sample into 
10 ml. of double strength peptone water and 10 ml. of double 
strength lactose glutamate broth (Oxoid CM289). Cultures were 
incubated for 48 hours when direct platings were examined and 
broth cultures were subcultured on to MacConkey agar.
All plates were examined for lactose fermenting organisms 
resembling Klebsiella/Enterobacter and for green pigmented colonies 
of Pseudomonas, which were chosen as marker organisms of dialysate 
contamination. Samples of dialysate from machines taken at the 
same time as hand samples confirmed the presence of both groups 
of organisms.
d. Transportation of samples
Samples of water and dialysate from the Brighton renal unit 
were taken directly to the laboratory where in most cases they 
were cultured immediately; on rare occasions they were placed
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in the refrigerator for short periods before culture.
Samples obtained during visits to renal units in other 
towns were cultured on the site using a semi-quantitative 
technique based on the use of standard loops.
In a nationalsurvey of renal units, participants submitted 
bottles containing dialysate and a dip-inoculum slide (Dip 
Slide, Oxoid), which they inoculated themselves. Both samples 
were then sent to Brighton by post.
Three renal units having home dialysis patients suffering 
from pyrexia during treatment, sent samples of water and dialysate 
by post, for examination in Brighton. Quantitative cultures 
were made on these samples but results were always interpreted 
as maximal possible values. Attempts were made to persuade 
these units to examine their own samples using dip-inoculum 
slides as suggested by the P.H.L.S. Working Party (1968), but 
after short trials they expressed dissatisfaction or lack of 
confidence in the results obtained and discontinued the trial.
Specimens for endotoxin assay were filtered at the time of 
sampling through a Millex 0.22 ^ um poresize disposable filter unit 
(Millipore Corp.) into a sterile endotoxin free tube. . On arrival 
at the Brighton laboratory the filtrates were cultured to check 
sterility, and stored at -20°C until tested.
2. . Microscopic Methods
a. Wet microscopy of waters and dialysates
Samples were mixed and placed in a sterile 5 ml. graduated 
centrifuge tube. They were then centrifuged at 1,000 G for 2 
minutes to deposit large particles, and 4.5 ml. of supernatent 
fluid removed. The deposit was then used for microscopy and for 
the culture of fungi and amoebae.
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For microscopic examination, a drop of the deposit was 
placed upon a microscope slide and a cover slip placed over it.
The preparation was examined by phase contrast microscopy at 
X150 and X600 magnifications. The presence of bacteria, algae, 
fungi, motile protozoa, and any crystalline or amorphous debris 
was noted.
Mains waters were usually free from microscopically visible 
deposits but some showed reddish-brown amorphous material 
suggesting the growth of iron bacteria in pipework. Soft and 
de-ionised waters frequently contained much organic material and 
under microscopy had an appearance not unlike that of pond water.
b. Staining methods
Gram reactions of isolates'were carried out using the 
method given in Baker and Silverton (1969).
Spores were demonstrated by the method described in Cowan 
(1974) (Method l).
Poly-hydroxybutyric acid granules (PHBA) in Pseudomonas 
were stained with 1 per cent. Sudan black in 70 per cent, alcohol, 
and counterstained with neutral red.
c. Electron microscopy
Cultures of Pseudomonas paucimobilis were grown in CLED 
broth, and their motility confirmed by phase contrast microscopy; 
they were then gently centrifuged at 1,000 G for 30 minutes, and 
the deposit carefully resuspended in distilled water to give a 
faint but definite turbidity. One drop of this suspension was 
placed on a carbon coated electron microscope grid and left for 
one minute; the excess fluid was then removed by application of
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filter paper to the side of the grid. The grid was then covered 
with 1 per cent, phosphotungstic acid which was left for 30 
seconds before removal with a filter paper. The grid was then 
allowed to dry before examination a transmission electron micro­
scope w.ith an inverted column (Corinth 500, AEI.). Grids were 
screened at low power in order to find areas of suitable cell 
density.; individual cells were then examined at high magnification, 
and where necessary, photographed.
3. Cultural Data
a. Sources of culture media
Most of the culture media used in this work were obtained in 
dehydrated form from Oxoid Ltd., Wade Road, Basingstoke; they 
included the following - yeast extract agar, Columbia agar,
CLED agar, MacConkey agar, DNase agar, nutrient gelatin,
Sabouraud's dextrose agar, Kligler's iron agar, nutrient broth 
No. 2, MRVP medium, tryptone water, minerals modified glutamate 
medium, Christensen's urea medium,. Simmons citrate medium, egg 
yolk emulsion agar, selenite broth, and dextrose tryptone broth.
Pseudomonas agar P and F, Moller's decarboxylase medium, 
and xylose lysine deoxycholate (XLD) agar, were obtained from 
Difco Laboratories, West Molesey, Surrey.
Other media used were prepared in the laboratoiy from 
basal ingredients, using the formulation given in Cowan (1974); 
they included peptone water sugars, ammonium salt sugars, Hugh 
d-Leifson's OF medium, human serum agar, starch agar, casein agar, 
Thornley's arginine medium, nitrate broth, Koser's citrate medium, 
KCN broth, and Tween 80 agar (the same basal medium being used to 
prepare Tween 20 agar).
99
b. Characterisation tests
Most of the methods used for characterisation tests were 
taken from Cowan (1974); they included methods for acetoin 
production (method l), arginine hydrolysis (method 2), utilisation 
of carbohydrates in peptone water (method l) and ammonium salt 
medium (method 4), oxidation and fermentation of glucose (Hugh and 
L^jfson), citrate utilisation by methods 1 (Koser) and 2 (Simmons), 
catalase production (method l), coagulase production (method 3), 
decarboxylase activity (method 1, Moller), casein hydrolysis, DNase 
production, Eijkman test, gelatin hydrolysis (method 2), gluconate 
oxidation (method 2), hydrogen sulphide production (method l), 
malonate utilisation (method l), methyl red reaction, nitrate 
reduction (method l), oxidase production (method 1, Kovac's), 
starch hydrolysis (method l), tellurite tolerance, Tween 80 
hydrolysis (method l), urease production (method l), and growth 
in KCN.
The methods used for the characterisation and identification 
of yeasts and fungi were taken from Rippon (1974).
c. Symbols and abbreviations used
Most of the bacterial counts given in this work are reported 
in colony forming units (c.f.u./ml); when the samples were taken 
in Brighton such results have been obtained by the pour plate 
method; when the samples have originated outside Brighton the 
results were obtained by surface plating counts. The results 
of some most probable number (M.P.N.) counts are included, but 
where such methods have been used this is stated in the text.
The symbols C, B and CB denote coccus, bacillus, and cocco- 
bacillus respectively. Symbols 0, F. Aik., and - indicate an 
oxidative reaction, fermentative reaction, alkaline change, or 
no change, in the dextrose medium of Hugh and L&ifson.
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The symbols +, -, lSte, and - , indicate positive, weak 
positive, late positive, or negative reactions. M o s t  o f  th e  
tables refer to results obtained w ith  in d iv id u a l  i s o l a t e ?  and  
n o t  th e  m a j o r i t y  r e a c t i o n s  o f  m i x e d  i s o l a t e s .
d. Incubation methods
At the start of this work it was already known that the flora 
of most renal unit samples included species of Pseudomonas and 
Acinetobacter. It was therefore thought inappropriate to incubate 
cultures at 37°C as is usual in medical microbiology laboratories. 
Bergey's Manual of Determinative Bacteriology (1974) gives the 
optimum growth temperature of most pseudomonads as 30°C and the 
corresponding figure for acinetobacters as 30-32°C. Stanier et al. 
(1966) in a taxonomic study of pseudomonads used an incubation 
temperature of 30°C for all isolates. Rosenthal (1974) found 
that pseudomonads with an optimum growth temperature near 37°C 
sometimes failed to grow on some media if incubated at that 
temperature. Most members of the Enterobacteriaceae grow best as 
around 37°C, but all grow well at 30°C while some such as Erwinia 
have thermal growth optima near this figure.
For the reasons outlined above a routine incubation temperature 
of 30°C was used for all isolations, viable counts, and character­
isation tests, and unless otherwise stated, may be assumed to have 
been used. All bacterial cultures were incubated for 48 hours 
before examination unless otherwise stated, except in the case of 
characterisation tests which were incubated for times which are 
specified in the methods used. All incubations were aerobic, and 
carbon dioxide enrichment was not used.
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Incubation temperature were varied for the following 
purposes; pseudomonads were characterised by growth at 5°C 
and 42°C; fungi and pseudomonads were sometimes incubated at 
room temperature to permit colonial differentiation and pigment 
production; thermophilic bacilli were grown at 55°C; endotoxin 
assays were incubated at 37°C«
4. Cultural Methods
a. Routine cultural examination
For routine purposes the following media were used. Pour 
plate counts were made using yeast extract agar. S o l id  media 
used for differential purposes included Columbia agar, MacConkey. 
agar, and Sabouraud's dextrose agar. At a mid point in the work 
leading to this thesis it was found that Ps. paucimobilis usually 
failed to grow on this combination of media and CLED agar on 
which this organism grows well, was added to the media already 
in use.
b. Differential bacterid counts
All samples were plated on the above media and examined after 
incubation. The relative numbers of each colonial type present 
was noted, and subcultures made for the purpose of identification. 
The information obtained was used to form a collection of isolates 
from the Brighton unit, in which entries were based upon the order 
of dominance of a given isolates obtained from a mixed culture.
c. Viable bacterial counts
Samples to be counted were mixed by 25 rapid inversions of 
the container; when the container was so full as to inhibit 
adequate mixing, some of the contents were then poured off and
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the mixing repeated. Tenfold dilutions of the sample were made 
in quarter strength Ringer*s solution, the number of dilutions 
made being dependent upon the degree of contamination expected.
Pour plate counts were made by placing 1 ml of sample in a 
petri dish and adding 10 ml of agar at 45°C. Mixing was achieved 
by a combination of circular and to and fro movements, made while 
keeping’ the plate flat on the bench. Only one set of plates was 
prepared from each sample and these were examined after 48 hours 
incubation. Counts were made on a Gallenkamp illuminated colony 
counter using the dilution showing 30-300 c.f.u. per plate. On 
rare occasions when the dilution series had not been carried far 
enough, plates with 300-600 c.f.u. per plate were counted by using 
a hand lens over the illuminated base of the counter.
Standard loop counts were used to give semi quantitative 
information when visiting units in other towns. Loops of 2.0 mm 
internal diameter constructed from 29 s.w.g. nichrome wire (Micro­
loops, Medical Wire and Equipment Co., Corsham, Wiltshire) were 
used in a method based on that of Clark (1967). When dipped 
vertically into mobile aqueous fluids, these loops pick up 0.002 ml 
of fluid; 5 loops of each sample were plated on sections of each 
plate used, giving a sample volume of 0.01 ml on each plate. Since 
the volume plated was so small dilutions were not required except 
when fluids showed gross contamination. Counting was carried out 
using a X8 hand lens and the total number of colonies in 0.01 ml. 
was recorded.
The accuracy of standard loop counts was limited by the small 
sampling volume used, but attempts to use larger volumes of sample 
on overdried plates as suggested by Clark (1971) were unsuccessful
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due to spreading of bacterial colonies. However, Urquhart and 
Gould (1965), and Khairat (l97<&) found standard loop techniques 
to be accurate methods of counting bacteria, while Clark (1967) 
working with industrial waters containing psychotropic species 
found surface counts made with standard loops to be 70-80 
per cent, higher thar> counts obtained by the pour plate method.
Droplet counts made in parallel with pour plate counts were 
used during one period of study. In the droplet method,
(Sharpe et al., 1972), samples were diluted in molten agar which 
was dispensed as convex droplets of 0.1 ml. volume in a sterile 
petri dish. When incubated, micro colonies formed within the 
droplet and could be counted in a projector which used the shape 
of the droplet as a lens. The method used a single diluter- 
dispenser-projection unit (A.J. Seward & Co., Stamford St.,
London) for all manipulations. Several dilutions of each sample 
could be dispensed in a single petri dish, but this saving in 
apparatus was offset by the need for expertise in working with 
dilutions in molten agar at high speed. Sharpe and Kilsby (1971) 
found the method to give higher cqunts than the pour plate method, 
a fact which they attributed to faster cooling of the agar and 
greater aeration of droplets.
Dip inoculum counts were used in a postal survey of other 
units, the method being based on that of Guttman and Naylor (1967)
■ /  i
for counting bacteria in urine, and using a Dipslide (Oxoid Ltd.) 
having CLED agar on one side and MacConkey agar on the other.
The slide was immersed in the sample and allowed to drain; after 
incubation the count was obtained by comparison with a set of 
regression lines.
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d. Methods of selective culture
a. Salmonella. 1 ml. of dialysate was placed in 20 ml.
of Selenite broth and incubated for 2 days at 43°C;
this temperature was chosen in order to prevent the 
growth of ^ seudomonads, most of which fail to grow 
above 37°C. Broths were subcultured on to Hynes 
deoxycholate citrate agar and Wilson and Blair’s 
bismuth sulphite agar and plates were examined after 
24 and 48 hours incubation at 37°C.
b. Haemolytic streptococci. 0.1 ml. of sample was 
placed in 3 ml. of the enrichment medium described 
by Baker et al. (1973). The medium was modified 
by the addition of 5.ug/ml of gentamicin sulphate, 
rather than the 8 ug/ml. described in the original 
method, since it was found in this laboratory that 
many strains of haemolytic streptococci were sensitive 
to this amount. The medium supports the growth of 
streptococci of Lancefields groups A,B,C,D, and G. 
Cultures were incubated at 37°C for 24 hours and
then examined for evidence of haemolysis.
c. Thermophilic bacilli. 0.1 ml. of sample was placed in
10 ml. of dextrose tryptone broth and incubated in a 
55°C water bath for one week. Cultures were examined 
daily, and those showing turbidity were confirmed by 
subculture on nutrient agar plates which were placed 
in waterproof containers and submerged below the 
water level of the bath in order to incubate them.
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d. Free living amoebae. Water samples were cultured
by the method of Carter (1970), A thin layer of
non nutrient agar (l per cent. Oxoid Ionagar No. 2
in water) was poured into a 50 mm disposable plastic
petri dish. A clinical isolate of Klebsiella pneumoniae
was grown on nutrient agar and harvested into sterile
8distilled water to give a cell density of 5 x 10 
cells per ml., before heat killing at 65°C for 
30 minutes. The water agar plates were flooded with 
the bacterial suspension, any. excess suspension removed, 
and the plates dried in an incubator until free from 
visible surface moisture.
For use, seeded water agar plates were by
placing 50 /j1 of centrifuged suspension of test sample 
in the centre of the plate, and the plate left un­
disturbed until the inoculum had been absorbed.
Plates were then incubated for 48 hours in sealed 
containers containing wet filter paper to ensure a 
high relative humidity.
Plates were first examined under a X8 hand lens, when 
the growth of amoebae could be detected by a granular 
appearence radiating from the centre of the plate.
A 22 x 22 mm. glass cover slip was then lowered on 
to the agar, and the plate examined by phase contrast 
microscopy at X. 150 and X 600 magnifications when the 
principal structures s u c h  a s  pseudopodia, nuclei, 
and contractile vacuoles, could be seen. A wide 
variety of morphologically different forms of amoebae 
were cultured from various samples, but no attempt was
I
made to identify isolates.
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It was found to be important to pour water agar 
plates as thinly as possible, since thick plates 
were unsuitable for phase contrast microscopy.
It was also important to sterilise the humid 
chambers used for incubation, at frequent intervals, 
since they rapidly became contaminated with fungi 
capable of growth on water agar.
Methods used to study Acinetobacter, Pseudomonas and 
Enterobacteriaceae
a. Acinetobacter. Carbohydrate utilisation tests were 
made on ammonium salt based media. Sensitivity to
penicillin was determined by the use of discs con-
• • • •
taining 10 international'units of benzylpenicillin.
Haemolytic activity was determined by growth on 
Columbia agar plates containing seven per cent, horse 
or sheep blood.
Auxonographic studies were made using filter paper ' 
discs soaked in sterile 0.01 per cent, solutions of 
amino acid, and dried at 37°C; the amino acids used 
were alanine, phenylalanine, tyrosine, serine, cystine, 
threonine, methionine, arginine, ornithine, proline, 
aspartic acid, glutamic acid, leucine, isoleucine, 
glycine, histidine, lysine, and valine. Discs were 
prepared containing amino acid pools and also 
individual amino acids, and were used on Simmons citrate 
agar. Enhanced growth of isolates around discs was noted. 
Urease production was demonstrated on Christensen’s 
urea medium, as well as by the method of Elek (1946)
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in which isolates were suspended in buffered urea, 
incubated, and the liberation of ammonia shown by 
addition of Nessler's reagent.
Enzymatic studies were, made by the use of the API-ZYM 
test (API Laboratory Products Ltd., Rayleigh, Essex). 
This test kit contains 19 substrates in plastic 
cupules, and activity of isolates against the 
substrates is seen as a colour change which is 
compared with a colour chart provided with each 
test kit.
Genetic transformation studies were made using a 
protocol supplied by Dr. S. B. Primrose of the 
Department of Biological Sciences, University of 
Warwick, who also supplied a prototrophic and 
arginine requiring auxotrophic strain of Acinetobacter 
for control purposes. Transformations were conducted 
on a glucose-mineral salts agar described in the 
protocol. Test isolates were lysed in sodium lauryl 
sulphate at 65°C for one hour, and the DNA containing 
lysate was co-plated with the auxotrophic strain on 
glucose-minimal salts agar; any resultant growth was 
taken to indicate transformation of the arginine gene. 
Since renal unit isolates failed to show transformation, 
the same experiments were repeated on Simmons citrate 
medium. Tests were also made by the method of Juni 
(1972) in which donor DNA and auxotrophic recipients 
were first plated on nutrient medium, and the resultant 
growth subcultured on to minimal medium to confirm 
transformation.
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b. Pseudomonas. Carbohydrate utilisation tests were 
made on ammonium salt based media. Pigment 
production was demonstrated on Pseudomonas P and F 
medium and cultures were examined under an ultra­
violet lamp. Growth at 5°C/ 37°C and 42°C, was 
demonstrated in nutrient broth. Accumulation of 
poly-hydroxy-butyric acid (PHBA) inclusions
were demonstrated by using the medium of Owens and 
Keddie (1969) supplemented with 1.0 per cent. DL 
hydroxybutyric acid and 0.02 per cent, yeast extract. 
Some isolates were tested by use of the Oxi-Ferm 
test kit (Roche Diagnostics, Welwyn Garden City,
Herts). This test kit contained the media necessary 
for nine characterisation tests, all of which could 
be inoculated simultaneously by means of an axial 
inoculating wire. Identification was made by use of 
a computer coding system supplied by the manufacturer. 
The first isolated of Pseudomonas paucimobilis made 
in this work were kindly identified by Dr. S. P. Lapage 
of the National Collection of Type Culture, Colindale, 
London; subsequent isolates were identified in Brighton 
using the characteristics described by Holmes et al. 
(1977).
c. Enterobacteriaceae. These organisms were characterised 
by conventional methods (Cowan, 1974), and also by
the API 20E system (API Laboratory Products Ltd., 
Rayleigh, Essex), and identifications were established 
by the use of an Analytical Profile Index supplied by 
the same manufacturer.
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Urea concentrations were determined by conversion to ammonia 
by means of urease (Boehringer Corp.) and subsequent development 
of a colour reaction with Berthelot's sodium hypochlorite- 
sodium.phenate reagent. The colour intensity was compared 
against that of standard urea solutions, using aXorning-Eel 252 
colorimeter with a 540 m/j filter.
Determinations of pH were made by means of a Corning 119 
pH meter having a digital read out to two decimal places.
Dextrose concentrations were determined by the glucose- 
oxidase-aminophenazone methods using a Technicon Auto Analyser.
When using basal media containing 0.02 per cent, dextrose, the 
method was capable of detecting' 0.001 per cent dextrose.
Levels of available chlorine were determined by addition 
of 0.5 ml. of 5 per cent, acetic acid and 1.0 ml. of 3.2 per cent, 
potassium iodide to 5.0 ml. of test fluid. The colour intensity 
caused by the liberation of iodine was compared against standard 
solutions of sodium hypochlorite, using a Unicam S.P.800 spectro­
photometer at a wavelength of 371 mjj. The method was capable of 
detecting 0.5-1.0 parts per million (p.p.m.) of available chlorine.
6. Endotoxin Assay
The method used for assay of endotoxin in waters and 
dialysates, utilised a freeze dried lysate of the amoebocyte 
blood cells of the horseshoe crab (Limulus polyphemus) supplied 
by Mallinckrodt (U.K.) Ltd., Hounslow, Middl esex; this reagent is 
sold under the trade name of 'Pyrogent' and comes in a kit form
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together with pyrogen free tubes for testing, a freeze dried 
endotoxin standard, and instructions for their use. The test 
is commonly known as the Limulus amoebocyte lysate (LAL) test.
Since the lysate was expensive, a micro technique was 
developed which used 10 yl of lysate rather than the 100 jjI 
recommended by the manufacturers. Details of the development 
and use of this micro technique have been published (Flowers,
1979) and a copy of this publication is included as an appendix 
to this thesis.
During sampling and testing, great care was taken to avoid 
contamination by extraneous endotoxin since this substance is 
ubiquitous in nature. All re-usable glassware was rendered 
endotoxin free by washing in hot detergent, rinsing in pyrogen 
free water, and sterilisation by hot air for two hours at 200°Cf 
at which temperature any residual endotoxin is destroyed 
(McAuley et al., 1974). All samples of disposable glassware 
and plasticware which were examined were found to be free from 
detectable endotoxin, and required no treatment prior to use. 
Reconstitution of reagents and dilutions of test samples were 
made with pyrogen free water produced for intravenous infusion 
(Boots Pure Drug Co.).
Immediately after sampling, waters and dialysates were 
passed through a Millex 0.22 jum pore size disposable filter unit 
* (Millipo re U.K. Ltd., Abbey Road, London) and the resultant filtrate 
stored at -20°C until tested.
Just prior to dilution and testing, all samples and standards 
were well mixed on a mechanical agitator (Whirlimix, Hook and 
Tucker Ltd.) for one minute. For testing, equal volumes of lysate
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and test solution were mixed and then incubated for one hour at 
37°C, when the presence of endotoxin was indicated by gelation 
of the mixture. Positive and negative controls were used in 
conjunction with all tests. For quantitative purposes, test 
solutions and endotoxin standards were titrated to extinction 
and the end points compared.
In tube tests originally used for control purposes, 100 pi 
of lysate and test solutions were mixed, incubated for one hour, 
and examined for gelation by carefully inverting the tube. Later 
experience showed that 50 pi volumes could be used without loss 
of sensitivity, .
• Slide tests were originally performed in 9 mm circles 
formed on the surface of glass microscope slides by means of a 
tube dipped in hot paraffin molle album. It was later discovered 
that PTFE coated slides bearing small uncoated circular areas 
(C, A. Hendley and Co., Buckhurst Hill, Essex) were more suitable 
for slide tests, and these were in fact used for most tests. For 
the slide test, 10 pi volumes of lysate and test solution were 
placed within a circle on a slide which was then incubated in a 
wet chamber at 37°C; gelation could then be demonstrated in 
positive tests by tilting the slide, by tapping the slide and 
observing vibration, or by drawing the mixture into a glass 
capillary when the height of the column obtained was inversely 
proportional to the viscocity of the mixture. The latter method 
of reading was used extensively, since it was less subject to 
observer error, and could be applied to other surfaces including 
dialysis membranes.
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7. Serological Tests
Serological tests were carried out using antigens pre­
pared from six cultures of Pseudomonas paucimobilis which had 
been isolated from renal unit samples. The validity of the 
test results obtained was questionable since attempts to 
find reactive sera for control purposes were unsuccessful.
Agglutination tests. Flagellar (H) suspensions were obtained 
from 48 hour cultures in CLED broth which were formolised, 
centrifuged, and the resultant deposit suspended in saline; 
the presence of motile cells in cultures was confirmed before 
preparation of the antigen. Capsul.ated (K) suspensions were 
obtained by resuspending the growth on CLED agar plates, in 
saline; although K antigens were not known to be present, the 
slightly mucoid texture of colonies grown on CLED medium suggested 
that their presence was likely. Somatic (0) suspensions were 
obtained by boiling K suspensions for thirty minutes. All 
suspensions were diluted with saline until their opacity 
matched Brown"s opacity tube No. 1.
H agglutination tests were incubated at 50°C for two hours, 
and left overnight in the refrigerator before being read. K and 
0 agglutination tests were incubated at 37°C for four hours and 
also refrigerated overnight before being read.
Complement fixation-tests.. These tests were used to determine the 
presence of antibodies in renal unit sera, to soluble antigens of 
Pseudomonas paucimobilis. Strains of this organism were grown 
for one week in CLED broth, centrifuged, and the supernatent
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fluids passed through a cellulose acetate filter of 0.45 pm 
pore size; the resultant filtrates were mixed with an equal 
volume of double strength veronal buffer, pH 7.4 to render 
them isotonic and used as antigens.
The six antigens were heated at 60°C for ten minutes to 
remove anti-complementary properties, end then used in complement 
titrations to determine the minimal haemolytic dose (M.H.D.) of 
complement per unit volume; the haemolytic system used contained 
3 per cent washed sheep cells and 6 M.H.D. of anti-sheep 
haemolytic serum. In the absence of positive control sera it 
was not possible to titrate the antigens in order to determine 
the optimal dilutions for complement fixation, but all were 
diluted one in ten in order to dilute out residual anti-comple- 
mentary activity.
All tests were performed in W.H.O. haemagglutination plates 
using 0.11 ml unit volumes for antigen, complement, and haemolytic 
system, and 0.02 ml volumes of test serum. Tests used 2 M.H.D. 
of complement with a warm fixation period of one hour at 37°C 
followed by a haemolytic period of 30 minutes at the same 
temperature.
Fluorescent antibody tests. The centrifuged deposits of cultures 
used to prepare antigens for complement fixation tests, were used 
as antigens in fluorescent antibody tests. The spun cells were 
suspended in Coons pH 7.2 buffer to give a turbidity equal to 
that of Brown*s opacity tube No. 3. One loopful of each 
suspension was placed in a well of a multispot PTFE coated slide, 
and slowly air dried, spreading with a loop where necessary to 
ensure that cells were deposited evenly over the base of the 
well. Slides were then fixed in acetone, dried, and kept in 
this state until required f0r use.
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For use, antigen bearing slides were first washed in pH
7.2 buffer for five minutes and then drained. Drops of test 
sera diluted l/lO in buffer were placed in wells containing 
antigen and incubated in a wet chamber at 37°C for thirty 
minutes. Slides were then carefully washed in three changes 
of buffer to remove unattached globulin. One drop of fluorescein 
conjugated sheep antihuman globulin diluted to titre (l/20) in
0.02 per cent. Evans Blue in pH 7.2 buffer, was placed in each 
well, and the slides again incubated in the wet chamber for 
thirty minutes. Slides were then washed in three changes of 
buffer, and finally mounted in a mixture containing two parts of 
glycerol to one part pH 8.6 phosphate buffer, in order to enhance 
fluorescence.
Test slides were examined with a Leitz Ortholux microscope 
illuminated with an HB 200 high pressure mercury vapour lamp 
screened with a UG1 primary filter and a Wratten 2B secondary 
filter. The fluorescein conjugated anti-human serum, and the 
optical equipment used, were shown to be satisfactory by the use 
of control slides of Neisseria gonorrhoeae treated with reactive 
human serum; these control slides showed bright fluorescence.
Counter current immuno-electrophoresis
Six isolated of Pseudomonas paucimibilis were cultured on 
CLED agar and colonies suspended in sterile distilled water to 
give a turbidity equal to that of Browns opacity tube No. 5. The 
suspensions were then treated with an ultrasonic probe (Soniprobe; 
Dawe Ultrasonics) and the resultant lysates used as antigens; 
subculture of these antigens on CLED agar yielded no growth.
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Microscope slides were covered with a thin layer of one 
per cent agarose in veronal buffer pH 8.6, and using a laboratory 
made jig, a series of 24 four millimetre wells were made in the 
agarose. Starting at the anodic end of the slide, alternate 
rows of wells were filled with test sera and then antigens; 
when all wells were full slides were placed in an electrophoresis 
tank containing veronal buffer, and a direct current of 10 
milliamps per slide applied to them for 150 minutes.
Slides were examined for the presence of precipitin lines 
by placing them in an illuminator having oblique lighting and a 
black background.
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THE MICROBIOLOGICAL ECOLOGY 
OF
HAEMODIALYSIS
1. The Microbiology of waters used for haemodialysis
a. Bacterial counting techniques used
During the work leading to this thesis, replicate bacterial 
counts were made on waters and dialysates in order to determine 
the limits of accuracy of the techniques and methods used.
Table 5. shows the results of 10 replicate counts made by 
the standard pour plate method, on a sample of soft water, a tank 
dialysate, and a compartment dialysate. Several tenfold dilutions 
were made from each sample, but only the dilution suitable for 
counting (30-300 c.f.u./plate), is shown in the table.
The soft water sample shows a mean count of 28.4 c.f.u./plate, 
with a standard deviation of 7.04 c.f.u., representing a coefficient 
of variation of 25 per cent. Although this mean count is below the 
normal countable range, it is unavoidable in this sample since no 
dilution was involved. Comparable mean counts for tank and com­
partment dialysates were 55.2 c.f.u./plate (S.D.6.32) and 105.5 
c.f.u./plate (S.D.12.16) respectively, both having a coefficient 
of variation of 11.5 per cent. Thus although the bacterial counts 
on the two dialysate samples involve inherent errors due to 
dilution, the coefficients of variation are less than that seen when 
counting undiluted water; this is presumably due to the higher mean 
counts obtained when examining the dialysates.
Table 6' shows the results of bacterial counts obtained when 
tenfold dilution series were prepared from a tank dialysate, using 
sterile dialysate, and quarter strength Ringer solution, as diluents.
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The two dilution series were prepared in 100 ml. volumes, and pour
plates prepared after standard mixing, and after shaking for 1 , 5 ,
and 15 minutes, on a mechanical shaker having a 3 inch stroke at
-2 -5100 oscillations per minutes. Tenfold dilutions from 10” -10
were used to prepare 160 pour plates, 5 replicates being made from
- 5
each dilution; only the dilution used for counting ( 1 0  ) is shown
in the table.
The mean count after dilution in sterile dialysate was 41 
c.f.u./plate with a standard deviation of 5.53 c.f.u., and a 
coefficient of variation of 13.5 per cent. The mean count after 
dilution in Ringer's solution was 42.8 c.f.u./plate with a standard 
deviation of 6.17 and a coefficient of variation of 14.4 per cent. 
These results indicate that sterile dialysate is not preferable 
to Ringer's solution as a diluent when making pour plate counts.
The predominant species present in the tank dialysate counted 
was an Acinetobacter spp. which was shown by microscopy to form 
short chains when growing in dialysate. The bacterial counts 
obtained after shaking this sample for periods up to 15 minutes, 
indicate .* that such chains are not broken down into a larger number 
of colony forming units by prolonged shaking.
Bacterial counts made by plating with standard loops were 
used when visiting other renal units where facilities for preparing 
pour plate counts were not suitable. A 2 pi loop having an internal 
diameter of 2mm was used-on most occasions, but a 3.3 jjI loop having 
an internal diameter of 3.5mm was also used.
The accuracy of these standard loops was first measured by 
using them to deliver protein solutions into Biuret reagent; after 
incubation the colour change was read at 539 nm wavelength in a 
Vitatron absorbtiometer having digital read out of absorbance.
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Table J shows the results obtained when a 2mm loop and a 3.5 mm 
loop were used to perform 2 0 tests each, in order to determine the 
mean volume delivered by a given loop. The coefficient of variation 
for 20 deliveries was found to be 13.0 per cent with the 2 mm loop, 
and 15.2 per cent with 3.5 mm loop.
Table 8 shows the results obtained when ten 2 mm loops, and 
ten 3.5 mm loops, were used in a similar test to determine the 
variation between individual loops taken from a single batch. 
Surprisingly, these show less variation than tests made with repeated 
use of single loop, with coefficients of variation of 10.7 per cent 
for the 2mm loops, and 13.7 per cent for the 3.5 mm loops. These 
results would seem to indicate that any variation in the results 
obtained by the use of standard loops, is more likely to be due to 
the technique used than to the choice of individual loops.
In Table 9 ., the mean absorbancies obtained by repeated use. 
of an 'Oxford* 5 jjI micropipette, are compared with the data given 
in Tables 12 and 13, and used to calculate the mean delivery volumes 
of both types of loop. The 2 mm loop, for which the manufacturers 
claim a delivery volume of 2 jjI, is seen to have a calculated delivery 
volume of 2.06 pi when a single loop was used, and 1 . 8 8  jul when 1 0  
loops were used. The 3.5 mm loop, having a nominal delivery volume 
of 3.33 jul, has a calculated delivery volume of 3.27 jjI when a single
loop is used, and 2.81 jul when 1 0 loops were used.
Since the delivery volume of loops is affected by viscosity and
surface tension of the fluid being used, the accuracy of loops
was also determined by viable counts on dialysates which, unlike 
-the test fluid , used above, contain no protein.
■ ItJb U UU L^ ll (Absorbence) (Absorbence)
0.009 0 . 0 1 0
0.007 0 . 0 1 1
0.009 0 . 0 1 0
0.007 0 . 0 1 0
A 0 . 0 1 0 0.014A 0.009 0.014
• 0 . 0 1 0 0.015
0.008 0.014
0.007 0.016
0.007 0.013
0 . 0 1 0 0 . 0 1 2
0.008 0 . 0 1 2
0.009 0.013
0.007 0.016
D 0.008 0.014D 0.008 0.016
0.008 0.014
0.009 0.013
0 . 0 1 0 0.015
0.009 0.016
A (mean) 0.0083 0.0127
B (mean) 0.0086 0.0141
A + B (mean) 0.00845 0.0134
Std. dev. A 0.00125 0.00226
Std. dev. B 0.00097 0.00160
Std. dev. A + B 0 . 0 0 1 1 0  - . 0.00204
Coeff. var. A 15.1 17.8
Coeff. var. B 1 1 . 2 11.3
Coeff. var. A + B 13.0 15.2
• Table 7
Results obtained when 2 standard loops were used to dispense a 
protein solution in a Biuret reaction, results being read in a 
Vitatron absorbtiometer having digital read out of absorbence. 
Since the experiment was not controlled by the use of absolute 
standards, it demonstrates the reproducibility of delivery rather 
than the absolute delivery volume of the loops used.
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Test batch 2  mm loop (Absorbence)
3.5 mm loop 
(Absorbence)
1 0.008 0.013
2 0.007 0.013
3 0.007 0.014
4 0.007 0 . 0 1 1
5 0.007 0 . 0 1 0
6 0.009 0.009
7 0.007 0 . 0 1 2
8 J1.008 0 . 0 1 1
9 0.009 0 . 0 1 2
• 1 0 0.008 0 . 0 1 0
Mean 1-10 
Std. dev. 1-10 
Coeff. variation
0.0077
0.00082
10.7 per cent
0.0115
0.00158
13.7 per cent
Table 8
Results obtained when ten 2 mm loops and ten 3.5 mm loops 
were used to dispense a protein solution in a Biuret reaction, 
results being read in a Vitatron absorbiiometer with digital 
read out of absorbence. The.experiment was carried out in order 
to determine the variation between loops taken from a single 
batch.
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.Sample Mean absorbence Volume
5 pi pipette 
(2 0 .deliveries) 0.0205 5 pi.
2 mm loop 
( 2 0  deliveries)
1 0 x 2 mm loop
0.00845
0.0077
2.06 pi. 
1 . 8 8  pi.
3.5 mm loop 
( 2 0  deliveries)
10 x 3.5 mm loop
0.0134
0.0115
3.27 pi.
2.81 pi.
Table 9
The mean delivery volumes of 2 mm and 3.5 mm standard loops 
calculated by comparison with an Oxford 5 pi. micropipette.
The mean absorbencies of the standard loops are taken from 
Tables 12 and 13.
The Calculated delivery volumes for the 2 mm loops are within 
+ 1 0 per cent of the manufacturers nominal delivery volume of 
2 pi. The calculated delivery volumes of the 3 mm loops are 
vfithin + 16 per cent of the manufacturers nominal delivery 
volume of 3.33 pi.
Since the delivery volume of a loop is affected by the viscosity 
and surface tension of the fluid being dispensed, these results, 
which were obtained by using protein containing fluids, might be 
different from those obtained when dispensing water or dialysate.
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Viable bacterial counts were performed in yeast extract agar 
on a sample of compartment dialysate, using the pour plate method, 
a Miles and Misra droplet count, and 2 jjI and 3.3 pi standard loops.
For pour plates, five replicates were made from each dilution, 
while ten droplets of each dilution using a 50 drop/ml pasteur 
pipette were used for the Miles and Misra count. Standard loops
were used by plating each dilution ten times, using half an agar
plate for each loop of fluid.
The results obtained are given in Table io. Pour plates made 
—3from a 1 0 " dilution gave a mean viable count of 216,000 c.f.u./ml 
with a coefficient of variation of 4.4 per cent; when the 1 0 "^ 
dilution was counted, the mean number of colonies per plate was
23.2 which is sub-optimal for accurate counting and the mean viable 
count rose to 232,000 c.f.u./ml, while the coefficient of variation 
rose to 1 2 per cent.
Miles and Misra surface droplet counts gave a mean viable 
count of 2 2 2 , 0 0 0  c.f.u./ml.; the mean number of colonies counted was 
44.5 per drop with a coefficient of variation of 15.7 per cent; 
both results were similar to those obtained when similar colony
numbers were used in pour plate counts.
All counts obtained by standard loops were lower than those 
obtained by pour plates or surface drop counts, and the coefficients 
of variation were higher when loops were used. Lower counts were 
probably due to the difficulty encountered in spreading the inoculum 
evenly over the surface of the plate, some plates showing areas 
where colonies were semi confluent. High coefficients of variation 
were probably due to the low sampling volumes used, and are an 
inherent source of error in the method. The 3.3 jul. loop gave more 
reproducible results than the 2 jjI loop.
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It was concluded that standard loop counts, while less 
accurate than other methods of counting bacteria, would be 
useful for counting dialysate samples when visiting other renal 
units, the limited accuracy of the method being more than com­
pensated by the fact that large numbers of samples can be processed
simply without delay and without recourse to laboratory equipment.
4 5 /The fact that fluids with bacterial counts between 10 -10 c.f.u./ml 
can be counted without preliminary dilution is a significant
3advantage, although counts on fluids containing less than 1 0
c.f.u./ml are likely to be very inaccurate. This conclusion is 
supported by Khairat (1974) who states that 'the advantages of the 
loop technique certainly outweigh any slight variations about the 
mean value.' Clark (1967) found surface plate counting methods 
to give higher counts than pour plate counts on the same samples 
and suggested that selective killing of heat sensitive cells by 
molten agar at 45°C might be one of the factors responsible for 
this finding. By contrast Slack and Wheldon (1978) found no 
significant differences in the results obtained when samples were 
counted by the pour plate method, the method of Miles and Misra, or 
a surface count made by using an Oxford 25 /jl micropipette.
An unexplained feature of these studies was the greater 
apparent accuracy of standard loops when they were tested by chemical 
(Table 9 ) rather than microbiological (Table 10) methods. This 
difference might be.due to a lower delivery volume when loops were 
used for dispensing non protein containing fluids, or to erroneously 
low counts resulting from incomplete spreading of the inoculum.
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r 4. c o c JL
The use of 1.8 per cent boric acid as a bacteriostat in human 
urine used for diagnostic bacterial counting, is now widely prac­
ticed (Porter and Brodie, 1969), and suitable containers with a 
measured amount of boric acid are available from commercial sources 
(Medical Wire and Equipment Co.). It was thought possible that 
this method of preservation might be used for dialysates, both in 
order to permit batching of samples at room temperature prior to 
counting, and to permit quantitative culture of dialysates from 
other units after postage.
In order to test this possibility, dialysates were pooled 
from five machine tanks, and from five machine compartments; the 
pools were well mixed and dispensed in 1 0 ml volumes in plain 
sterile bottles, and in sterile bottles containing 0.18 g of boric 
acid.Four aliquots of each sample were placed in the refrigerator 
(6°C.), while a furtherfour aliquots of plain and preserved dialysate 
were stored at room temperature (mean temperature 22°C). Pour 
plates were prepared from each aliquot at the time of sampling, 
and the counts repeated at daily intervals for four days.
Table II shows the mean count obtained from the four aliquots 
of each sample. These show that the flora of tank dialysate was 
restricted by refrigeration, but grew rapidly at room temperature; 
aliquots preserved with boric acid showed a decrease in numbers of 
viable bacteria, which was greater than would be expected if due to 
cduriting error, suggesting an inimical effect.
Refrigerated samples of compartment dialysate showed growth 
occurring only during the first day of storage, suggesting rapid 
growth during the period required to reach ambient refrigerator 
temperature, after which no further growth occurred.
129
When stored at room temperature aliquots showed steady growth over 
the four day period. Aliquots preserved with boric acid showed 
steady growth over the four day period, although growth was slower 
than that of unpreserved dialysate.
Tank dialysate stored at room temperature, and compartment 
dialysate stored at room temperature, and preserved with boric 
acid, showed visible turbidity after four days. When subcultured 
on to solid media, turbid tank dialysate showed a predominant growth 
of mixed Pseudomonas species. Subcultures of turbid compartment 
dialysate showed a predominant growth of Klebsiella pneumoniae and 
Enterobacter cloacae.
It was concluded that boric acid was not a suitable bacterio- 
stat for dialysate samples, being slightly inhibitory to the flora 
of tank samples, and failing to restrict the species present in 
compartment samples. The vast majority of human urinary tract 
infections are due to Esch. coli, and in the presence of limited 
concentrations of urea (which are known to have a slight bacterio­
static effect), normally found in urine, boric acid is a suitable 
bacteriostat. By contrast, dialysates have a high concentration of 
glucose and sodium acetate, and a much lower urea concentration 
than that found in urine; in this medium, Klebsiella and Entero — 
- bacter species, both of which have been shown to utilise glucose 
. and acetate, were not restricted by the presence of boric acid under 
the conditions used.*
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b. Bacterial counts on mains and softened waters in the
Brighton Unit
Untreated mains water and soft water were obtained from metal 
taps in the Brighton unit, using the precautions outlined in 
‘Materials and Methods*. The waters were taken directly to the 
laboratory where they were examined by the standard pour plate 
method, by counting on membrane filters, and by M.P.N. counts in 
nutrient broth and glutamate broth.
The results obtained are shown in Table 12, where the mean 
counts of samples taken over a 7 week period are recorded. In all 
cases the mean count of mains and softened water was below 1 c.f.u./ 
m'l; these were in fact the expected results since verbal communi­
cation with the local Water Authority Laboratory revealed that a 
viable count of 150 c.f.u./lOO ml was considered maximal for this 
area.
While the counts on soft water were less than 1 c.f.u./ml they 
were higher than the counts on mains water from which the soft 
water was prepared. This again, was the expected result since 
the microbial colonisation of water softening resins is well docu­
mented (Stamm et al., 1969).
The results therefore merely confirmed that Brighton mains 
water was of the quality expected in a large urban supply in the 
U.K., and that softening of such water increases the bacterial count, 
although not to a point where the count constitute^ a hazard to 
health when the watercfos used for normal domestic purposes.
The consequences of using such water for the preparation of 
dialysate are not so clear, since the increased count may provide 
the basis of unrestrained growth when dialysate concentrate is added.
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It would not be unreasonable to expect that the retention of 
bacteria by the resins used in softeners might be somewhat 
selective, and that the species predominating in either mains 
or softened water, might not, be the same, Stamm etal. (1969) 
found 49 different bacterial and fungal genera in waters obtained 
by back flushing softening resin tanks.
c. Bacterial counts of waters from Brighton' home dialysis units
Samples of mains and softened water were obtained from 19 
home dialysis units in the Brighton area.- The samples were taken 
by renal unit technicians visiting the units to service machines, 
or by patients attending hospital clinics for routine medical 
checks, without prior sterilisation of the outlet tap, or running 
off water prior to sampling. The samples therefore reflected the 
standard of water as normally used in such units, rather than the 
standard of water supplied by the local Water Authority; mains 
waters were obtained from domestic outlets which wgre presumably used 
frequently, while soft waters were obtained from the outlet serving 
the kidney machine, which had a long PVC tubing attached and weire 
only used three times each week. The method of obtaining samples 
involved some delay, but all samples were examined on the day of 
sampling.
The results of bacterial counts of these samples are given 
in Table 13 . The majority of mains waters had bacterial counts
3 *
below 1 0 c.f.u./ml, although all samples had counts well above 
those expected when mains water is sampled in the approved manner. 
Untreated mains water is not used in Brighton home dialysis units, 
but in other areas where dialysers are re-used, mains water is 
normally used for rinsing dialysers before disinfection with 
formaldehyde.
In all cases, soft water samples showed a higher bacterial
count than mains waters from the same unit, most samples having 
3 510 -10 c.f.u./ml. This finding is probably associated with a 
variety of factors including colonisation of the softener resin 
bed, infrequency of use, and the attachment of tubing to the outlet. 
Such waters would normally be used to prepare the dialysate, 
although the bacterial count per ml. would be expected to diminish 
in the course of filling the 1 2 0  litre dialysate tank; lower counts 
on these waters could probably be obtained by instructing the 
patients to run off a large volume of water prior to sampling, but 
such samples would not represent the normal usage of the water.
In the absence of such an instruction it was anticipated that 
patients who were conscious of water contamination, would run off 
water prior to sampling or filling the machine, in which case the 
sample would represent water as normally used by them.
5 /One home unit showed bacterial counts of over 10 c.f.u./ml. 
in both mains and softened water. Enquiries revealed that this 
was a rather unhygienic unit in a .rural area which had recently 
been served by a well; the patient was a farmer, and he had 
installed mains water to his house by running plastic hosing from 
a mains outlet approximately one mile away. The patient in this 
unit was dialysing without problems, and the circumstances 
surrounding the installation were not further examined at that time. 
He did however suffer from post haemodialysis problems which were 
related to the microbiological quality of his water supply during 
1979, and his case is reported in the clinical section of this 
thesis (Mr. D.F.)
135
So
ft
 
w
a
t
e
r
■—1 NO r \ t o
1
9
0
-p
a
y
CO CO CM ■—1 O n
tn ■—1 ■—1
■:C
•H
a
2:
•H
O
- p -P
c O
3 CO i—
O  • 0
O rH •—1
E
c m
O  • a 0 0 IO
•H  3 JC ■—1 •—1 O
Ll • -P ■—1
O  4 - 1 1
•P  • tn M
O  O tn CO (Da 0 0 0 >
m _l •H rH O
on
(D 
>— I 
_Q 
O 
H*
. - p
• 0
0 ■—1 4-
i c tn •H - p 0
-P c C ■ 3
•H •H 0
c O ■— 1 +>
•H E O 0 •H_ c 1—1
tn 4- 1—1 - p O
-p O O ' 3
•H -P 4- c r
C 0) •H O
.3 ; rH Cl 1—I
Q. tn C 0
tn E O O 0
*H, 1 O _c •H •H
tn tn -P U>
X (D O O
rH. O _C tn ■—1
O -P •H O
•H >x •—1 •H
“O <—1 "O •H _Q
Cl 0 U O
O CL -P 0 Ll
E . 3 •H -P O
O tn tn " tn •H
_C ■ •H E
O > >x
Os -p u U
>— t X 0 0
“O 0 c Li
...E a> JC •H O
O _y - p 'E O
Li tn •H CL
4- 0 rH
0 0 0
tn <1) ~a Ll _C
■p Jh CL -P
c <D 0
3 y _c -P - P
O -p 3 O
O tn O 0
-p c JC rH
•H c 0 -P 4-
O. <D •H 0
•H •H u y Li
U -P 0
O O - p c tn
-P Q. 0 0 -p
O y ■—1
O O 3
_Q • -p - P  _ tn
□ 4- ~  0
4- 0 0 0 Li
O u tn Ma 0 -O
Q) ~o y ■ C
o> c c O
.C 0 0 tnO -p 0 ■»»
u _c u >—1 -P
O) 0 Q. c
•H -p E •H
_E Jh 0 O O
h - m y tn CL
-P
c
0•H
-PO
CL
<D
>N
_Q
~o
0
tn
3
tn
a
u
<D
-P
O
y
otn
136
Comparison of Table 1 2 and Table 1 3 shows that the 
bacteriological standards of mains water as supplied by the local 
Water Authority, are in no way comparable to the standards of 
soft water as used by the patients for the preparation of dialysate. 
In all cases softened water had a higher bacterial count than mains 
water although when they were sampled with a good'technique the 
differences were minimal; the markedly higher counts obtained in 
the absence of such a technique emphasises the part played by 
colonisation of taps and tubing in the contamination of piped waters.
d. Studies on a laboratory base exchange resin column
A problem was encountered when sampling soft waters from 
home dialysis units in which patients had suffered pyrexial reactions 
during dialysis, since samples of first flow from the softener often 
showed much higher bacterial counts than water sampled at sub­
sequent points in the flow. In addition, the first flow is used 
differently in various situations; in an R.S.P. machine the first 
flow was used to prepare dialysate which was then used without 
pasteurisation; in more advanced machines the first flow may be 
used to rinse the machine and dialyser, or to prepare dialysate 
which is pasteurised before used. The following experiments were 
conducted in order to throw some light on the problems of sampling 
soft water, and in interpreting the results obtained from such 
samples.
A 30 cm. glass column was filled with 100 g. of Amberlite 
base exchange resin (B.D.H., 1R/120H), and the column flushed 
through with 0.4 per cent formaldehyde. A laboratory soft water 
outlet was heated with a butane burner and the column connected to 
it with a short length of sterile rubber tubing; the column was 
then flushed through with soft water for one hour to remove the 
formaldehyde.
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In an approximate simulation of a home dialysis softener, 
the column was then used three times per week, during which times 
water was run through at a flow rate of 5 litres per hour for 
three hours. On each use, the first litre of water from the 
column was collected in a sterile flask; this was well mixed and 
used for pour plate counting, differential bacterial culture, and 
an aliquot centrifuged and the sediment plated on Klebsiella-- 
water agar for the culture of amoebae. The experiment was con­
tinued for 26 days; no attempt was made to regenerate the column 
during this period.
The results are given in Table 1 4 .  After an initial fall 
in the bacterial count between day 1 and day 3, the results of 
bacterial counts taken from day'5 to day 26 are very similar 
suggesting some form of equilibrium within the column. By contrast, 
the predominating colonial forms in differential bacterial cultures 
were constantly changing from one sample to the next suggesting a 
very varied population within the column. Species of Pseudomonas, 
Aeromonas, Acinetobacter, Alcaligenes, and Flavobacterium were 
identified in various samples, but the proportions of each were 
constantly changing. A particular search was made for P<r. paucimobilis 
since this species had previously been found in units of patients 
having pyrexial episodes, but this organism was not found in any 
of the samples from the column.
Cultures for amoebae-were negative for the first 12 days, 
but were positive in all samples taken between 15-26 days. It is 
probable that the contaminated resin bed is a suitable ecological 
niche for the growth of amoebae, and that the grazing habits of 
these organisms are one of several factors which contribute to an 
ecological equilibrium which is expressed as a stable bacterial 
count.
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The resin column was then left stagnant for a period of 
three weeks before further use. The inlet tubing was removed, 
and the tap again heated before reconnecting the column with a 
sterile tube. Prior to connection, the inlet water was sampled 
directly from the tap, and via the connecting tubing. Water was 
then run through the column and 4 x 500 ml and 8 x 1  litre samples 
collected into sterile flasks. A further 2 x 1  litre samples were 
then taken after mechanical agitation of the column for one 
minute. A further 1 litre and 4 litre sample were taken on the 
following day.
Results of this second experiment are given in Table 15. 
Samples 1-2 represent inlet water, being soft water supplied from 
a tank in the laboratory roof. Samples 3-14 represent successive 
effluents from the column, and it can be seen that the majority 
of bacteria are eluted in the first 500 ml. after which the 
bacterial count of the effluent water is only marginally higher 
than the count of the input water. Mechanical agitation of the 
column with a patent massager (Pifco) for one minute, caused a 
sharp rise in the bacterial count of the effluent water (sample 15), 
indicating that many bacteria are retained within the resin bed. 
Samples 17-18 were taken on the following day, and the results 
indicate that the bacterial density of effluent water after three
weeks, and one day's, stagnation, are very similar.
*
Cultures for fungi and amoebae reflected the bacteriological 
findings. Fungal cultures were graded as scanty (less than 5 
colonies/plate), moderate (5-20 colonies/plate) and profuse (over 
20 colonies/plate), from Sabouraud dextrose agar plates inoculated 
with 0.1 ml. of sample. In all positive cultures the predominant 
fungus was a Cladosporium species. Both fungi and amoebae were 
present in early effluent water, were mainly absent from subsequent 
samples, but reappeared when the column was agitated.
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Microscopic examination of the centrifuged deposit of sample 
3 showed the presence of scanty algal cells and actively motile 
protozoa. It would therefore seem that the base exchange resin 
softener bed is a very complex ecological niche in which a wide 
variety of micro-organisms exist, and that the results of quali­
tative and quantitative examinations of the product water reflect 
only the single point in time which was used to sample a changing 
situation.
The practical conclusions to be drawn from the two experiments 
are that the softener bed was prone to bacterial colonisation, but 
reached a maximal population density around 10 c.f.u./ml; the 
colonising population was constantly changing and even when left 
for long periods, no predominant species emerged. Bacterial 
colonisation was accompanied by fungal, protozoan, and algal, 
colonisation. When water was drawn from the softener, most of the 
microbial population was drawn off in the early effluent, after 
which samples were likely to be constant in composition; during 
this process, micro-organisms were retained within the resin bed.
When left after running off, the softener bed is rapidly re-colonised 
to the previous bacterial density.
e. The effect of resin regeneration on softened water
The possibility that the microbiological quality of the soft 
water used for dialysate preparation, might vary due to the 
regeneration of the softening resin, was investigated. Samples 
were taken in the new renal unit premises which was supplied by 
a permutit AZA800 softening plant which had an automatic regeneration 
cycle which operated twice per week, on Tuesday night and Friday 
night. Fourteen samples were taken over a 16 day period, all being 
taken from the same‘ tap which was sterilised with a butane burner
before sampling; the tap chosen was at the end of the ward 
adjacent to the plant house, and therefore involved the shortest 
possible run of water.
The results of pour plate counts on these samples are 
given in Table 16.. The mean viable bacterial count of all 
samples was 37.9 c.f.u./ml; the mean count of 5 samples taken 
immediately before regeneration was 32.2 c.f.u./ml; while the 
mean count of 4 samples taken immediately after regeneration was 
35 c.f.u./ml; the mean count of 5 samples taken at an intermediate 
point was 46 c.f.u./ml. Thus while there was some daily variation 
in the numbers of viable bacteria present in soft water, the 
numbers present were not dramatically affected by the regeneration 
process.
Concomitant cultural studies on the brine solution used for 
regeneration showed no viable bacteria in 1 ml by the pour plate 
method, but ten 1 ml. volumes cultured in 100 ml nutrient broth 
revealed the presence of a yellow pigmented organism resembling 
Micrococcus afermentans, in three of the cultures.
It will be noted from Table \z that the bacterial counts of 
soft water in the old renal unit premises, were in fact much lower 
than those in the new unit. The old unit was supplied with soft 
water by a Permutit 17L domestic softener, which had a much lower 
delivery rate and softening capacity than the installation now used 
it was also housed within the ward and involved a much shorter run 
of pipework. It would therefore seem likely that a softener unit 
run at maximal capacity, and involving a minimal run of pipework, 
yields soft water containing a much lower number of viable bacteria
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It is also noteworthy that dialysates sampled in the old 
unit in 1974-75, contained more bacteria than those sampled in 
the new unit in 1976-78, (see -Table72 ), although the former were 
prepared from water of better quality. This would seem to indicate 
that, within certain limits, the bacteriological quality of dialysates 
is not determined primarily by the quality of the 'water used to 
prepare it.
f. Examination of de-ionised water and reverse osmosis water
While de-ionising and reverse osmosis water treatment plants 
are not used in the Brighton unit, they are often used in units where 
patients suffer from the various side effects of haemodialysis; 
these side effects include both febrile episodes during dialysis 
and long term metabolic effects thought to be associated with 
unidentified ions in water. The units at Guy's Hospital and the 
Hull Royal Infirmary have submitted a number of treated waters from 
the home units of patients showing febrile episodes, for examination.
The patients of Guy's Hospital were dialysed with de-ionised 
water both in the hospital, and in many home units. Hospital 
machines were served with de-ionised water from two large tanks 
situated in the roof space; when sampled, the contents of these 
t@nks showed bacterial counts of 4,600 and 7,200 c.f.u./ml. res­
pectively. De-ionised water sampled in home dialysis units had 
counts ranging from 2,000-400,000 c.f.u./ml., while water aspirated 
from'de-ionising cartridges (Elga) at home units, while awaiting 
collection by the suppliers for regeneration, showed counts from 
90,000-320,000 c.f.u./ml. A total of 9 samples of de-ionised waters 
from units supervised by Guy's Hospital had a mean viable bacterial 
count of 144,000 c.f.u./ml.
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Samples from the Hull Royal Infirmary were submitted by post 
and were therefore unsuitable for quantitative culture, although 
such examinations were in fact made and the results regarded merely 
as maximum possible values. It proved impossible either to visit 
this unit or to persuade the local hospital laboratory to undertake 
the work. Differential bacterial cultures were also made, and a 
particular search was made for P ?. paucimobilis, since at that 
time it was suspected that this species might be associated with 
pyrexial episodes in patients. Endotoxin assays were also made, 
and for this purpose, a sample of each water was membrane filtered 
into a sterile endotoxin free tube. The results of these cultures 
and endotoxin assays are shown in Table 17..
Bacterial cultures made by plating 0.002 ml. volumes were 
positive in all mains and softened waters, including three samples 
of soft water from plants where an ultra-violet water steriliser 
had been installed in the mains up stream from the softener.
In almost all cases, mains and softened waters showed a profuse 
mixture of colony types present in each specimen. By contrast 
reverse osmosis waters yielded no growth in 3 samples, and the 
remaining 8 samples yielded pure cultures of a single species or 
a restricted number of colony types in most samples. P>;. paucimobilis 
was less' frequently found in reverse osmosis water, than in mains 
or softened water.
Reverse osmosis plants are claimed to produce a permeate 
which is free from both bacteria and endotoxin, having been 
passed through a membrane which prohibits the passage of either.
The fact that 3 of 11 samples examined yielded no bacterial growth 
suggests that this may be true. It is however, difficult to prevent
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the outlet point from which the permeate is drawn, from becoming 
contaminated with bacteria, an d  these if left, may track back 
into the sterile side of the membrane. The fact that the flora of 
mains (or softened) water and reverse osmosis waters from the 
same units, were found to have a dissimilar flora, with a greatly 
restricted number of species present in the lattef, suggests that 
positive cultures obtained from reverse osmosis waters, were due 
to contamination of the outlet point. The fact that all reverse 
osmosis waters were found to have a greatly diminished endotoxin 
content, supports this hypothesis, since a membrane which permitted 
the passage of bacterial cells would be unlikely to restrict the 
passage of endotoxin fragments derived from them.
Experience with these samp'les suggests that de-ionising 
plants offer few advantages over softening plants in terms of 
microbiological quality, although they may have other advantages 
in removing unwanted metal ions. Reverse osmosis plants are 
capable of producing sterile water with an endotoxin content which 
is less than that of the feed water when used under good conditions; 
such installations are however prone to bacterial contamination of 
the permeate side, which unless corrected, could lead to a con­
taminated product water and subsequent hydrolysis of the cellulose 
membrane' used^"
g. Bacterial counts on waters stored in tanks
Tanks are used to store soft and de-ionised waters in haemo- 
dialysis units for a variety of reasons including the following: to 
ensure-continuity of supply, where water treatment plant is unable 
to meet the demand when all haemodialysis machines are in use, or 
during the regeneration of such plant in units where machines are
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used over a prolonged period of each day; to supply an adequate 
head of water where haemodialysis machines will only function 
above a certain minimal water pressure, which cannot be obtained 
directly from the water treatment plant. The tanks used to store 
water for such purposes are usually of large capacity, holding at 
least one thousand gallons. In addition, smaller tanks holding 
less than ten gallons, are often installed in hospital based and 
home dialysis units, for washing through re-usable dialysers; for 
this purpose it is necessary to use water at a low standard pressure 
in order to avoid damage to the membranes.
Due to the aggressive quality of treated waters which cause 
them to attack and solubilise metals, it is necessary to use poly­
propylene or glass reinforced plastic (G.R.P.) tanks for storage.
Most plastics have the capacity to support bacterial growth in 
water, being partly due to the provision of a surface to which 
tactophilic species may adhere, and also to the liberation of 
plusticisers used in manufacture which may act as bacterial nutrients 
(Burman and Colbourne, 1977). It is therefore likely that water 
stored in plastic tanks, which are often well aerated, will be 
found to be of poor microbiological quality.
' Not all haemodialysis units use stored water; in the Brighton
" o" '■ S- S-v* Vv. -CCV-....
and Portsmouth renal units, no stored waters are used. By contrast, 
Table jg lists three dialysis centres where stored waters are used, 
apdthe results of bacterial counts on water samples taken when 
these units were visited.
In St. Helier Hospital, Carshalton, all soft water used
for haemodialysis is supplied from a large tank which has a filter
unit on the inlet side, and a pump on the outlet side which
supplies the adjacent ward via plastic pipework. The tank is
regularly cleaned by a routine which includes vigorous brushing
to remove any growth adherent to the walls; in spite of this
routine, swabs taken from the inner side of the tank showed
profuse mixed bacterial growth which suggested a higher bacterial
density at this point than in free water from the same tank.
’ 3
Water from the tank showed a bacterial count of 2.5 x 10 c.f.u./ml.
3
at the first outlet, and 35 x 10 c.f.u./ml. at the last outlet 
at the far end of the ward. Water from an unused spur of the water 
distribution system showed a count of 1.2 x 10^ c.f.u./ml. Within 
the ward, the transparent plastic pipework used for water dis­
tribution showed a green algal bloom which increased along the 
run, and which was particularly intense below the windows.
In the same hospital, a smaller tank used for washing off 
dialysers, showed a bacterial count of 12 x 10 c.f.u./ml. in 
water from the tank, and 20 x 10 c.f.u./ml. in water entering the 
dialyser from a distribution pipe.
•At Guy*s Hospital, London, de-ionised water used for haemo-
dialysis was stored in two large covered tanks housed in the roof
space. The tanks were said not to be cleaned on any regular basis;
and communication with the hospital microbiologist revealed that
they were known to be heavily contaminated with Pseudomonas. Water
sampled directly from these tanks showed bacterial counts of 4.6 x 10 
3and 7.2 x 10 c.f.u./ml. respectively. At the time of sampling, all 
outlet points were in use and could not be sampled without causing 
machine malfunction.
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In one home dialysis unit supervised by Guy’s, a small tank 
used for washing off the dialyser showed heavy colonisation with 
fungi (Cladosporium) above the water line. Water from this tank 
showed a bacterial count of 130 x 10 c.f.u./ml. with many fungal 
colonies also present. At the time of sampling the tank had not 
been used for four weeks since the patient had experienced re­
actions during dialysis which necessitated the use of disposable 
dialysers.
At the Kent and Canterbury Hospital-, Canterbury, all water 
for dialysis was supplied from a large tank, which, although it 
appeared to be well cared for, was not known to be cleaned regu­
larly. Water sampled directly from this tank showed a bacterial
3
count of 53 x 10 c.f.u./ml., while the same water sampled at a
3distribution point within the ward showed a count of 115 x 10 
c.f.u./ml. A spur from the main distribution system leading to a 
rarely used outlet in the machine workshop was also sampled; this 
yielded a visibly turbid water with a bacterial count of 10 x 10^ 
c.f.u./ml. Most of the transparent plastic pipework used for 
water distribution in the ward was visibly stained with a red . 
pigment, although this pigmentation was more pronounced in the spur 
leading to the workshop which was in fact the least used part of the 
system; cultural examination showed that this pigment was due to a 
strain of Po, aeruginosa which, although giving typical pigmentation 
on King's A and B medium, gave rise to red pigmented colonies on 
nutrient agar. Similar red pigment producing isolates of 
Pseudomonas were found in the tank water samples from Guy's Hospital. 
Red colonial forms of Pseudomonas were first described in 1919 and 
they have been extensively discussed in a review by Ogunnariwo and 
Hamilton-Miller (1975).
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The results of examinations of stored waters in Table 18 
would seem to indicate that such storage causes a rise in the 
numbers of bacteria present, as compared with the numbers present 
in freshly softened water.
The necessity for storage has arisen largely from the use 
of newer haemodialysis machines which must be fed with water and 
dialysate concentrate at standard pressure, and which then past­
eurise the resultant dialysate in a heat exchange system. There 
would seem to be a choice between older, tank systems of dialysis 
in which freshly drawn soft water may be used, and newer systems 
which use water of lower quality. It is probable that while 
newer machines provide dialysate containing fewer viable organisms, 
such dialysates may contain larger numbers of non viable bacteria, 
and higher concentrations of bacterial products.
However, since newer machines have other, functional advantages, 
which make water storage tanks necessary, the design, maintenance, 
and use, of such tanks should be considered. Not all plastics have 
the same capacity to support bacterial growth, and the materials 
used to construct tanks and pipework should be chosen with care.
The volume of tanks should be minimal in order to minimise the 
residence time of water and to facilitate cleaning, while a point 
of water supply which avoids aeration of the contents, and a tank 
situation which avoids exposure to bright light, might minimise 
bacterial proliferation. Mechanical filtration of the contents 
might also facilitate this aim. Of the three tanks examined, that 
at St. Helier Hospital was the smallest, was regularly cleaned, and 
had a filtration system; it also had the lowest bacterial count.
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It might be noted at this point that the bacterial counts 
of tank dialysates sampled in the Portsmouth and Brighton units, 
where no water is stored, were substantially lower than the counts 
of tank waters reported in Table 18, In the Portsmouth renal unit!' 
where freshly drawn soft water was used to prepare dialysate in 
formalin sterilised tanks, 10 tank dialysates sampled showed a mean 
viable count of 220 c.f.u./ml. In the Brighton unit 7 freshly 
prepared tank dialysates showed a mean viable count of 137 c.f.u./ 
ml., while 22 tanks sampled while in use, or after overnight 
storage, showed a mean bacterial count of 258 c.f.u./ml.
h. Bacterial colonisation of tubing used for water distribution
Plastic tubing used for water distribution in haemodialysis 
units is found in two situations, firstly as a permanent plumbing 
installation between water treatment plant and tap outlets in the 
ward, and secondly as a fitting to taps for filling tanks and 
washing equipment.
When used as part of a permanent water distribution system, 
plastic tubes remain full of water with minimal aeration/ under 
these conditions it might be expected that colonisation by the 
predominantly aerobic flora found in dialysates, will be minimal. 
Table 12' ‘shows the bacterial counts of mains water run through 
metal pipes and soft water run through plastic pipes, in the 
Brighton unit. Soft water was seen to have a marginally heavier 
bacterial flora, although both waters have a bacterial count of 
less than 1 c.f.u./ml. However when soft water was aerated in 
tanks prior to distribution in transparent plastic tubing, bacterial 
or algal growth may be evident from pigmentation of the pipework; 
this was seen at the Canterbury and the Carshalton renal units.
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Shorter lengths of plastic tubing attached to taps are 
probably a greater microbiological hazard than the permanent tubing 
described above. They normally contain both water and air, and 
experience has shown that they are normally colonised with both 
bacteria and fungi. Table 67 shows that 9 of 11 tubes were 
colonised by fungi while all were colonised by bacteria; soft waters 
sampled via such tubes in 1978 showed a mean bacterial count of 
3,088 c.f.u./ml. in the first flow, which dropped to 386 c.f.u./ml. 
after 120 litres of water had been run through each of the tubes.
Fig. 11 shows the tubing which is attached to soft water taps 
behind each of the haemodialysis machines in the Brighton unit; 
they are attached to the tap by a threaded union containing a 
fibre washer. Table 19 gives the results obtained when such tubes 
were sampled at the proximal (tap) and distal ends by pushing a 
cotton wool tipped swab into the lumen to a depth of five inches; 
in addition, a sample of water was taken via each of the tubes.
One sample of water taken from a tap without a tube attached showed 
a lower bacterial count than eight water samples taken from taps 
with attached tubes.. While all eight tubes swabbed showed bacterial 
colonisation, cultured swabs of the distal ends of four tubes showed 
less bacteria (<300 c.f.u./plate) than the remaining four which 
-yielded confluent growth. Swabs taken from the proximal ends of 
tubes showed confluent bacterial growth in all cases.
Water samples taken from the four tubes showing fewest bacteria on 
swabbing had a mean bacterial count of 522 c.f.u./ml., while the 
remaining waters sampled via tubes had a mean bacterial count of 
13,500 c.f.u./ml.
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Figure 11
The soft water tap and attached tubing; an outlet of this 
type is housed behind each R.S.P. machine in the Brighton 
unit. The U piece on the distal end of the tube is hooked 
on the edge of the machine tank when it is filled.
The wider bore drainage tube from the machine can be seen 
entering the ward drain.
These results indicate that all tubes attached to taps 
are likely to be colonised by bacteria, and that water drawn via 
such tubes, is prone to contamination from this source. When the 
distal ends of such tubes are looped back over the tap as seen in 
Fig. 11, they are subjected to periodic drying and therefore tend 
to harbour fewer bacteria than the proximal ends which are kept 
constantly moist.
In the old Brighton renal unit, the tubes were attached by 
pushing them on to taps with conical, laboratory type, nozzles.
The staff were warned of the probability of bacterial colonisation 
of tubes, and in consequence, removed the tubes and placed them in 
the machine tanks whenever these were disinfected. When the new 
Brighton renal unit was built, taps with threaded nozzles were 
provided in order to facilitate their removal for disinfection.
The nursing staff have found threaded attachments much more difficult 
to use than conical push fits, and the disinfection of tubes on a 
regular basis has now regrettably been discontinued.
i. Filtration of mains and treated waters
The use of filters to remove bacteria from water, is not widely 
practised in haemodialysis units. Where filters are in fact used, 
'they are usually intended to prevent metal fragments, such as swarf 
from turning pipework, from lodging in the resin beds of softeners 
and de-ionisers; should such lodgement take place, the aggressive 
quality of treated water may solubilise the fragments, causing metal 
ions to enter the patients circulation via the dialysis membrane.
The filters used for this purpose are usually of coarse porosity, 
being constructed of pleated paper or cotton.
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Occasionally, when a patient experiences recurrent pyrexia 
during haemodialysis treatments, filters may be included in the 
water distribution system in order to prevent bacteria entering 
the water treatment or dialysing equipment. A variety of paper 
and cotton pre-filters, and fine ceramic filters often containing 
activated charcoal or colloidal silver, are used "for this purpose.
Filters are not used in the Brighton unit, but have been
used in several other units visited in the course of this work.
Thus the tank used for storage of soft water at St. Helier Hospital 
was fitted with a filter on the inlet side; water from this tank 
showed fewer bacteria than water from tanks without filters in two 
other hospitals (Table 18), although it must be noted that this 
tank was subjected to a regular cleaning routine not used in the 
other two hospitals.
Most filters seen have been installed in home dialysis units 
where the patients were having problems during treatment. Dis­
cussions with the technicians responsible for the fitting and 
maintenance of filters, has revealed that when filters are fitted, 
this is not carried out in an aseptic manner, and no attempt is
made to sterilise the efferent side of the filter and pipework.
Under these conditions, the filter and its housing, rapidly 
becomes covered with a layer of organic slime on both the afferent 
and efferent sides; this necessitates the cleaning or replacement 
of the filter.
When installed in a water line, a filter presents a large 
absorbent surface area, and the point of slowest water flow in 
the system whenever the diameter of the filter is wider than the 
bore of the pipework; such conditions increase the potential for 
microbial growth in  the s y s t e m  and  would seem to vitiate the 
purpose for which such filters were fitted.
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In one home unit visited (Mr. H. P., St. Helier Hospital) 
filters had been installed in the mains water prior to the 
softener; a coarse cotton pre-filter (Flotec Ltd., Reading, 
Berkshire) and a charcoal filled ceramic filter (British 
Berkefeld Filter Co., Trowbridge, Wiltshire) were fitted in easily 
detachable filter housings (Driand Filters, HawkHurst, Kent) for 
rapid maintenance and replacement. These filters rapidly 
accumulated a surface slime which was removed every two weeks 
by vigorous brushing, and were replaced only when they caused a 
significant drop in the water pressure. Samples were taken 
during this routine maintenance.
The mains water used in the house had a bacterial count of 
3
<1 x 10 c.f.u./ml. and an endotoxin concentration of 5 ng/ml.
Water from the efferent side of the pre-filter had a count of 3
S t .
x 10 c.f.u./ml., while water from the efferent side of the
ceramic filter had a count of 2. x 10 c.f.u./ml. Water taken from 
the point of entry into the softener, situated some three feet from
5*the filters, had a bacterial count of 2/5’ x 10 c.f.u./ml., and an
endotoxin concentration of 500-5,000 ng/ml. These results are 
given in Table 20.
• The flora of the product water included actively motile 
protozoa, amoebae, and mixed bacteria with P'. paucimobilis pre­
dominating. The bacterial flora of effluent water from both filters 
was similar to the final product water above. Scrapings from the 
exterior and interior surfaces of the ceramic filter revealed a 
branching, filamentous Gram positive rod, resembling an actinomycete 
attempts to culture this organism were unsuccessful.
The presence of a wide variety of micro-organisms, in profuse 
numbers, in filtered water, but not in the feed water, clearly 
demonstrates the possible consequences of installing filters in 
water lines. The 100-1,000 fold increase in the endotoxin con­
centration, of water after filtration, is of significance in haemo­
dialysis since such toxins may be able to traverse the membranes 
used for dialysis. In this unit, contamination is possibly exacer­
bated by the failure to sterilise the efferent side of the water 
system. However, even if this had been done, the afferent side 
would of necessity accumulate an ever increasing microbial biomass 
through which all water must pass, probably acquiring soluble 
products of growth as it filtered.
The use of non-retentive water treatment devices such as 
ultra violet and possibly anodic oxidation units, able to devit­
alise micro-organisms without retaining them within the system, 
have much to commend them.
j. Water treatment by anodic oxidation
Anodic oxidation is a principle used for the inactivation
of micro-organisms in aqueous fluids, first described by Stoner
and Srinivasan (1970). Wagener et al. (1976) described an apparatus
jusing this principle which was intended for the sterilisation of
2
beer; the fluid to be treated was passed between two 140 cm
electrodes and carried a 12 volt potential at a current of 14-19 
2
milliamps per cm ; while-the apparatus was unsatisfactory for the 
treatment of beer, in non protein containing, conductive fluids,
99 per cent microbial inactivation was achieved.
The Filtron water purifier is a portable water treatment 
device, manufactured by Fichtel and Sachs AG (Schweinfurt,
W. Germany) which uses the principle of anodic oxidation; it is 
5 inches in length, weighs 350 g, and will treat 40 litres of 
water at a flow rate of 200 ml per minute before the six 1.5 volt 
batteries need replacing. In order to be effectively treated, the 
water must be conductive (hard) and an indicator on the Filtron is 
provided for this purpose. The piltron is intended for use by 
travellers who wish to drink local waters of doubtful potability; 
where such waters are naturally non conductive, it must first be 
jPeMlreU^iconductiWd by the addition of a tablet provided by the 
manufacturer.
The dialysis unit of the Royal Free Hospital, London, provided 
a Filtron for microbiological assessment with a view to its use 
for treatment of waters used in haemodialysis. Photographs of the 
device in the closed state, and during use, may be seen in Figs.
12 and 13.
The Filtron was first tested by running 150 ml volumes of
mains tap water, inoculated with the following test organisms, through
it; Esch. coli. 5 x 10^ orgs/ml.; Salm. typhi-murium 50 x 10 orgs/ml;
5*Pseudomonas aeruginosa 4' x 10* orgs/ml.; Staph, aureus 1 x 10 
orgs/ml. The effluent water was cut off in 20 ml. fractions and 
cultured by plating 0.02 ml volumes on agar, and by placing 10 ml. 
volumes into 10 ml. of an appropriate double strength recovery medium. 
For control purposes, the inoculated waters were cultured without 
passing them through the device, and also used for bacterial counting; 
as a further control, the batteries were removed from the Filtron 
before running the last 50 ml of each through it.
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Figure 12
The Filtron water purifier. The blue plastic lid is removed 
for use and when inverted, forms a 250 ml. container for the 
water to be treated. This is then reconnected to the body of 
the device by a press fit which opens a ball valve allowing 
water to pass between the electrodes.
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Figure 13
The Filtron water purifier. The blue plastic lid is removed 
and when inverted is filled with mains water. Attachment by 
press fit to the body opens a ball valve in the base and entry 
of conductive water- into the body completes the circuit which 
is indicated by the pilot light on the left of the apparatus. 
The treated water is then deposited into the glass by sliding 
open the valve in the base.
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Table 21 shows the results of four experiments using the 
bacterial species given above; the results were identical in 
each case. In all cases the test organisms were recovered from 
both types of control used;in no case was the test organism re­
covered by plate culture or broth culture after 48 hrs. incubation, 
and, although the tap water used for the experiments was not
sterilised beforehand, only one of a total of twenty broth cultures
used showed turbidity after incubation. Since the concentrations 
of test bacteria used were probably far in excess of those found 
in piped waters, even those in regions of the world where waters 
are of doubtful potability, these results indicate the suitability 
of the device for the purification of drinking waters.
In the experiment using Esch. coli, the first effluent 
fraction from the Filtron yielded Acinetobacter when cultured in 
double strength nutrient broth; this was presumed to originate 
from the tap water used in the experiment. The manufacturers do 
in fact recommend that the first fluid coming from the device is 
discarded and not drunk, and so this finding did not vitiate the
usefulness of the Filtron, However, since Esch. coli, almost
certainly the predominant organism in this sample, was not recovered, 
this finding would also seem to indicate the relative insensitivity 
of the Acinetobacter isolate to the process of anodic oxidation.
This hypothesis was confirmed by repeating the basic experiment 
using the Acinetobacter isolate in tap water at a cell density of 
80 x 10 c.f.u./ml., when the organism was recovered from all tests
and controls in both plated and broth subcultures.
Further experiments were conducted in which autoclaved tap 
water was passed through the Filtron and left for 30 minutes 
before adding sterile dialysate concentrate. Tubes of this 
dialysate were then inoculated with Acinetobacter, Staph, aureus, 
Esch. coli, Pseudomonas aeruginosa and Klebsiella pneumoniae, to 
give final cell densities between 30-80 c.f.u./ml., and incubated 
overnight. When subcultured, Acinetobacter was recovered from all 
tubes inoculated with this organism, but none of the other test 
organisms used were recovered. The results of these experiments 
are given in Table 22 and indicate that the activity of this 
device is not dependant upon the passage of bacteria through it, 
but is due to the liberation of some active substance into the 
water. Moreover, this activity is retained for at least 30 minutes 
and is not neutralised by the constituents of dialysate.
In a final series of experiments, Filtron treated water was 
inoculated with Staph, aureus, Esch. coli, Pseudomonas aeruginosa 
and Klebsiella pneumoniae, mixed with an equal volume of double 
volume of double strength nutrient broth and incubated; in no case 
was the test organism used recovered. When by comparison the double 
strength nutrient broth was added to Filtron treated water before 
inoculation with the same test organisms at the same cell densities, 
the organisms were recovered in all cases. These results indicate 
that the active principle involved in anodic oxidation is neutralised 
by the presence of organic•material, and confirms the findings of 
Wagener et al. (1976).
Many devices used for the purification of waters for dialysis, 
such as filters and resin beds, impede the passage of bacteria 
through them; they thus retain bacteria within the system in ever 
increasing numbers’ and the product water may contain high
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concentrations of bacterial metabolites. Other methods of 
purification such as ultra-violet sterilisers and anodic 
oxidation devices, may devitalise bacteria without physically 
impeding their passage through the plant used; such devices would 
seem to’ have the advantage of free water flow without concentration 
of potentially toxic bacterial waste in the product water.
It would seem likely that anodic oxidation has a useful 
place in the treatment of water for haemodialysis. At the present 
time, the manufacturers produce only one model of the Filtron which 
is produced for drinking water, with a capacity suitable for 
supplying the needs of a family of four people during a two week 
holiday period. Correspondence with the manufacturers has indicated 
that they are interested in producing models to meet other medical 
applications, and a specification for a model serving a home 
dialysis unit has been supplied to them.
k. The bacterial species present in Brighton water
In the collection of isolates from Brighton dialysates 
(Table 36), some 97 per cent were species of Acinetobacter, 
Pseudomonas, Aeromonas or Enterobacteriaceae. Since many of these 
organisms are associated with water, the following studies were made 
on Brighton water in an attempt to determine the origin of bacteria 
found in dialysate. previous studies had shown the numbers of 
viable bacteria in Brighton water to be quite small (Table 1 2 )/ 
arid It was thought necessary to use both concentration by membrane 
filtration, and selective culture of large volumes of water in broth, 
in order to recover the maximum number of species.
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After removal of tap fittings, and sterilisation of the tap 
with a butane burner, water samples were taken into 500 ml bottles. 
Soft water was sampled from 12 taps in the ward, and for comparison, 
samples of untreated mains water were taken from the ward kitchen.
A H  waters were cultured by the following techniques;-
a.. volumes of water from 10-500 ml. were passed through 
through 5 cm membrane filters of 0.45 jjm porosity (Oxoid Ltd). 
The membranes were then laid on MacConkey agar and nutrient 
agar, and after incubation, various' colonial forms were 
subcultured with the aid of a plate microscope.
b. 10 ml. volumes of water were placed in an equal 
volume of sterile dialysate containing 0.005 per cent, 
acetic acid; at the final pH 5.5, Acinetobacters are said
to grow while Pseudomonas are inhibited (Stanier et al., 1971).
c. 10 ml. volumes of water were placed in sterile 
dialysate, pH 7.5. This medium was shown to support the 
growth of both Acinetobacter and Pseudomonas.
d. 10 ml.* volumes of water were placed in an equal 
volume of double strength Gray's glutamate medium (Oxoid C.M.
. 289). This medium is used in PHLS laboratories for the 
detection of coliform organisms in mains water.
e. the residual water left in sampling bottles was 
enriched by the addition of 10 ml of nutrient broth.
The broth cultures b-e were left at room temperature for one week, 
being subcultured on to MacConkey agar after 3 and 7 days; they 
were then transferred to the incubator for 3 weeks, being sub­
cultured at the end of each week.
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Each colonial form on membrane filters and MacConkey agar 
plates was subcultured, and when in pure culture, compared with 
isolates from the collection. The results obtained may be seen 
in Table 23.
Acinetobacter isolates were obtained from most soft waters 
cultured in acid dialysate; all isolates were lecithinase producers, 
corresponding exactly to lecithinase producing strains in the 
collection. No lecithinase negative isolates were obtained. 
Parenthetically, during studies of the Filtron anodic oxidation 
unit a lecithinase negative Acinetobacter identical to strains in 
the collection, was isolated from mains tap water used as a diluent 
in experimental work.
All cultures except those in acid dialysate yielded a wide 
variety of oxidase positive gram negative rods. The dominant 
colonial forms present in cultures changed continuously as the 
incubation of primary cultures progressed, necessitating the 
examination of a large number of isolates from each subculture of 
each sample. This variation in dominance was particularly marked 
with the green pigmented pseudomonads which were rarely present in 
first subcultures, but which became dominant as the incubation 
period progressed.
Isolates from soft water which corresponded to isolates in the 
collection included motile and non motile variants of P. aeruginosa, 
P« f-luorescens, P. putida and P. stutzeri and motile isolates of 
P. alcaligenes, P. maltophilia and Aeromonas hydrophila. No 
isolations of P. cepacia were made. Many oxidase positive rods, not 
corresponding to isolates in the collection, were recovered from 
soft water. While many oxidase positive rods were present in sub­
cultures from mains water, the pressure of work caused by the large
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number of isolates from soft water, prevented detailed comparison 
of these isolates with those in the collection.
Lactose fermenting Enterobacteriaceae were isolated from 
soft water cultured in Gray*s medium and water enriched with 
nutrient broth. When examined by the tests in Table 4 0  , these 
corresponded to Klebsiella pneumoniae and Enterobacter cloacae 
isolates in the collection; the identity of K. pneumoniae isolates 
from soft water and dialysate was kindly confirmed by Mrs. J. 
Palfreyman of the Coventry P.H.L.S. who found them to be aero- 
genic strains belonging to capsular type 26. No isolates 
corresponding to Citrobacter freundii or Escherichia coli in the
c.ollection, were recovered from water.
No lactose fermenting Enterobacteriaceae were isolated from 
untreated mains waters, suggesting that those present in soft water 
were not derived directly from the mains. Moreover, when this part 
of the work was repeated on two occasions in order to confirm the 
presence of enterobacteria in soft water, no isolations of Klebsiella 
or Enterobacter were made from either mains or treated water; this 
suggests that while such organisms may permanently colonise pipe­
work or machines, they are shed from the softener on an inter­
mittent basis.
No attempt was made to isolate strains of Streptococcus, 
Micrococcus, Bacillus, or Flavobacterium from waters, since the 
numbers of such organisms in the collection was small.
Table 23 shows that samples of water yielded isolates 
corresponding to 377 of 500 isolates in the collection, a recovery 
rate of 75.4 per cent. Bearing in mind that the collection was 
compiled over a three month period in the old renal unit, while
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the water samples (with one exception) were taken on a single day 
in the new renal unit, this recovery rate is perhaps higher than 
expected. However,the results with Pseudomonas are supported by 
the work of King and Phillips (1978) who, in a study of oxidative 
organisms in the environment of St. Thomas* Hospital, London, 
isolated Acinetobacter, and 10 species of Pseudom6nas; P. cepacia, 
the commonest species in their study, was not isolated from 
Brighton water, although it is present in the collection from 
dialysates. There is much published work to suggest that Klebsiella, 
Enterobacter, Citrobacter and even Escherichia are widely dis­
tributed in water, even in the absence of known contamination by 
animals and man (Duncan and Razzell, 1972).
From the results obtained/ it seems clear that the majority 
of the organisms present in dialysate, originate in the soft water 
used to prepare it. In the case of Acinetobacter and Pseudomonas, 
contamination of soft water can in turn be related to their presence 
in mains water; the occurrence of Enterobacteriaceae in chlorinated 
mains water is far less easy to accept, but they must either 
originate from mains water or be introduced into the softener 
during installation or regeneration. Whatever the source, the 
finding is supported by the work of Stamm et al. (1969) who found 
"Aerobacter" and Escherichia in the resin beds of a number of 
domestic softening units.
1. The incidence -of Ps. .paucimobilis in water
The first recorded isolation of Pseudomonas paucimobilis in 
the work leading to this thesis, was in 1977. While examining 
samples of water from the home units of Mrs. A.M., a patient of 
Guy*s Hospital who had experienced pyrexial symptoms during treatment, 
CLED agar was used for the first time in addition to the Columbia
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agar and MacConkey agar normally used. This variation was made 
in order to gain more information from the samples provided. The 
predominant growth in cultures of mains water from this unit was a 
smooth, yellow-green colony forming organism, growing on CLED agar 
but not- on the other media used. Fig.38 shows the same appearances 
in cultured water from another unit.
This finding was disconcerting since it cast doubt on the 
validity of both qualitative and quantitative microbiological 
studies carried out up to this time. The possible pathologic 
significance of this isolation was not seriously considered at this 
time, since it formed part of a mixed flora, and water samples often 
yielded a wide variety of colonial forms when cultured, many of 
which were often difficult to identify.
In the following year the same organism was isolated from 
six further renal units where patients were experiencing pyrexial 
episodes during haemodialysis; further details of these cases 
may be seen in the clinical section of this thesis. In the home 
unit of Mr. H.P. it was isolated from the mains water filter and 
soft water; in the borne unit of Mr. B.N. it was present in a mains 
water wash-off line and in a used de-ioniser cylinder; in the Hull 
hospital unit where Mr. N.M. experienced pyrexia, it was present in 
mains and softened water, but absent from waters of a nearby home 
dialysis unit used as a control; in the home unit of Mrs. E.F. it 
was present in both-mains and softened water; in the home unit of 
Mr. A.H. it was present in mains water on three separate occasions; 
in the home unit of Mr. J.E. it was present in the wash off line 
used to rinse the dialyser.
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The recovery of Pseudomonas paucimobilis from the waters of 
all seven units where patients were experiencing pyrexial symptoms 
during treatment, led to the suspicion that this organism might be 
the causative agent. The absence of this organism from one home 
unit used as a control, and another (Mr. G.W.) where the patient 
was experiencing hypotensive symptoms without pyrexia, lent some 
weight to this suspicion.
At this time, attempts to identify this organism had been 
unsuccessful, and it was referred to as a * salt intolerant* species 
in reports to the renal units concerned. In November 1977, two 
isolates were referred to the Microbiology Department, Surrey 
University, and to the N.C.T.C. Laboratory, Colindale, together 
with covering information that they were sensitive to the concentrations 
of salt used in many culture media, and thus failed to grow on some 
nutrient agars.
The first cultures submitted to Surrey University failed to 
grow and were lost; repeat cultures were supplied but difficulties 
were experienced in maintenance and identification of this organism.
The cultures sent to the N.C.T.C. Laboratory led to a report 
on 21.11.1977. stating that * they grow reasonably well on nutrient 
agar - and have been referred to the Computer Trials Laboratory who 
will report directly to you.* A further report on 16.12.77. stated 
that * - the Computer Trials Laboratory have been unable to obtain 
growth on nutrient agar, and have returned the strains to us - we 
anticipate there may be some delay in our final report.* A final 
report from the Computer Trials Laboratory dated 9.2.78., reported 
both cultures as Pseudomonas paucimobilis with a numerical identi­
fication score of 1.000000. The report, with 67 characteristics 
used in identification, is seen in Table 24.
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Organisms resembling Pseudomonas paucimobilis were first 
described by Leifson (1962) as part of the flora of stored waters.
The name was proposed by Holmes et al. (1977) to indicate a species 
in which only a few cells within a population are motile (L.adj.
paucus - few; L.adj. mobilis - mobile); this new species was
proposed after a numerical taxonomic study using 68 characteristics 
of 47 strains, 20 of these strains having been isolated from the 
hospital environment.
The failure of P, . paucimobilis to grow, or exhibit motility, 
in media containing salt, is demonstrated in Fig. 14. A series
of semi-solid gelatin agar plates containing 0, 0.5, and 1.0 per cent
NaCl were prepared, spot inoculated in the centre of the plate, and 
incubated for 48 hrs. Strain 109 can be seen to grow in all three 
media, but to show motility (as evidenced by colony size) which 
increases as the salt concentration decreases; strain 19-20 fails 
to grow in 1 per cent salt, but shows motility only in the absence 
of salt. Inhibition of motility and growth by salt has been con­
firmed in a large number of strains by the use of peptone water 
cultures containing 0-1 per cent salt; most strains showed inhibition 
of growth by 1 per cent salt; all strains showed an increase in the 
percentage of motile cells within a culture as the salt concentration 
decreased, although the precise salt concentration at which this was 
most marked, varied with different isolates.
. Table 25 shows 'the results obtained when mains waters from the 
Hull and Carshalton renal units, were used for pour plate counts in 
CLED agar, yeast extract agar, and Columbia agar; only the latter 
medium contains NaCl. Both samples contained P ;. paucimobilis as 
the predominant species in a mixed flora, and in each case the viable 
bacterial count made in Columbia agar, represents approximately 10 
per cent of viable count obtained in the two salt free media.
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1
109
19-20
lpc 0-5 pe Opc
Fig ure 14
Two strains of P . paucimobilis, spot inoculated centrally on 
semi-solid gelatin agar plates containing 1.0, 0.5 and 0 per cent 
NaCl. At the top, strain 109 grows on all media, but colony 
enlargement on medium without salt indicates motility. At the 
bottom, strain 19-20 failed to grow in the presence of 1 per cent 
salt, but grows and is motile on medium without salt.
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More recent studies have shown P~. paucimobilis to be commonly 
found in water samples, including some from renal dialysis units 
where patients were being treated without side effects. Table 26  
shows the recovery rates in various waters; drinking waters sub­
mitted to the Brighton P.H.L.S. for routine coliform count, 6.25 
per cent; samples from storage and expansion tanks in the Brighton 
laboratory, 33.3 per cent; mains waters from Brighton home dialysis 
units, 15.8 per cent; soft waters from Brighton home dialysis units 
15.8 per cent; mains waters from Carshalton home dialysis units, 60 
per cent. In the isolations from Brighton home dialysis units, one 
mains and one soft water were from the same unit. The five samples 
from the Carshalton home dialysis units, which are served by two 
separate water mains, were taken as controls when studying the home 
unit of Mr. H.P. who suffered pyrexia during haemodialysis; the 
three units yielding Pseudomonas paucimobilis receive mains water 
from the Sutton District Water Co., while Mr. H.P. receives mains 
water from the Woodmansterne Treatment Works.
The overall recovery rate from 78 water samples tested was 
15.4 per cent; this is similar to the results of King and Phillips 
(1978) who found P . paucimobilis in 15.9 per cent of environmental 
samples yielding oxidative organisms, at St. Thomas* Hospital, 
London.
Further investigations were carried out to determine the 
quantitative production of endotoxin by Pseudomonas paucimobilis 
strains, and the serological responses to P. paucimobilis antigens 
by haemodialysed patients. The results of these investigations can 
be seen in later sections of this thesis ( T a b l e s  87 an d  90  ).
It was concluded that Pseudomonas paucimobilis is a common 
species in mains and treated waters. While the presence of this 
organism in water might be indicative of poor microbiological 
quality, there is insufficient evidence at the present time to 
suggest an aetiological relationship with pyrexial episodes 
experienced by some patients during haemodialysisr.
m. The incidence of algae, fungi, amoebae, and thermophilic
bacilli in water
Hindman et al. (1975) reported a series in which 23 of 70 
haemodialysed patients suffered recurrent pyrexia during a two 
month period of drought, when the algal count of the mains water 
used for treatment, rose above the normal level. Mr. P. Allen 
(verbal communication) revealed that studies at Guy’s Hospital 
suggested that the waters used by patients experiencing pyrexial 
symptoms during treatment, had higher fungal counts than waters 
used by other patients. Mr. D* Casemore (verbal communication) 
revealed that a patient in the Middlesborough area had experienced 
pyrexial symptoms during treatment, after work on the water mains 
outside his home had led to contamination of mains water by 
Aeromonas species and free living amoebae. In the national survey 
of dialysates reported elsewhere in this thesis, thermophilic 
bacilli were isolated from 2 of 25 samples; one of these 2 samples 
was known to have come from the machine of a patient suffering 
pyrexial symptoms during, treatment.
For the reasons outlined above, the possibility that micro­
organisms other than mesophilic bacteria might be the cause of 
pyrexial reactions in haemodialysed patients, was investigated.
In order to determine the incidence and significance of 
algae fungi, amoebae, and thermophilic bacilli, in waters used 
for haemodialysis, 165 miscellaneous water samples were examined; 
these included mains drinking waters, and main, softened, de-ionised, 
and reverse osmosis waters, from haemodialysis units. In addition, 
waters from 6 home dialysis units, where patients' had experienced 
recurrent pyrexia during treatment, were examined. The cumulative 
results of these investigations, which were carried out over a 
period of eighteen months, are given in Table 27.
Algae were detected by microscopic examination of the deposits 
from centrifuged waters, being recognised by cellular morphology 
and presence of a chloroplast; no attempt was made to speciate 
the algae found. Algae were present in 14 of 158 (8.9 per cent) 
of waters examined; no algae were found in 73 of these samples 
which originated in the Brighton area. By contrast, algae were 
found in 4 of 6 waters from home dialysis units where patients had 
experienced pyrexial problems.
Fungi were isolated by plating the deposit of centrifuged 
waters on to Sabourauds dextrose agar; they were recognised by 
colonial morphology, but in most cases no attempt was made to 
identify the species present. Fungi were isolated from 18 of 158 
samples (11.4 per cent) although none were isolated from 50 mains 
waters from the Brighton area, included in this total. Most fungal 
isolations were from soft waters having a high bacterial count, 
only few isolations being made from mains waters, or soft waters 
of good microbiological quality. By contrast, fungi were isolated 
from the waters of 5 of 6 home dialysis units where patients had 
experienced pyrexial problems.
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Free living amoebae were isolated by inoculating the deposits 
of centrifuged waters on to water agar plates covered with heat 
killed Klebsiella suspensions; on this medium amoebae can be seen 
as a spreading growth when the plate is viewed under a low power 
microscope. Amoebae were isolated from 11 of 158 (7 per cent) 
waters examined. Like fungi, most amoebae were isolated from soft 
waters having a high bacterial count. By contrast, amoebae were 
isolated from the waters of 3 of 6 home dialysis units where patients 
were experiencing pyrexial problems.
Six waters containing amoebae, taken from Brighton home 
dialysis units, were examined by inoculating 5 x 0.01 ml.,5x 0.1ml 
and 1 x 0.5 ml. volumes of uncentrifuged water, into wells cut in
Klebsiella water agar. After incubation, isolation of amoebae from 
each well was noted, and the probable numbers of amoebae present 
in each water calculated by reference to McCradies probability 
tables. Table 28 shows the results of these tests, All waters con­
taining between 1-20 amoebae per ml. Unfortunately no counts were 
made on samples from home units having pyrexial problems.
Thermophilic -Gram positive bacilli were isolated by 
inoculation of 0.1 ml of water into dextrose tryptone broth, 
followed by incubation at 55°C for one week; isolates were con­
firmed by Gram film and subculture on to nutrient agar. Isolations 
were made from 16 of 156 (10.2 per cent) water samples, the 
frequency being similar in both mains and soft waters, and unrelated 
to the presence of large numbers of mesophilic bacteria in water. 
Inoculation of smaller volumes of positive waters yielded negative 
results, suggesting their presence in small numbers only; conversely 
it must be assumed that "negative" waters might yield positive
188
results if inoculating volumes larger than 0.1 ml were used. The 
frequency of thermophilic bacilli in waters from dialysis units 
where patients were being treated uneventfully, led to the con­
clusion that they were not the cause of, or associated with, 
pyrexia*during haemodialysis; for this reason a search for thermo- 
phils was not included when investigating home dialysis units where
such problems existed, at a later date.
When attempting to evaluate the results above, it should be
noted that the tests used to detect these four types of micro­
organism, were of only moderate sensitivity; the decision to use 
such tests was deliberately made, in order to avoid the detection 
of micro-organisms present in numbers too small to have clinical 
significance. Up to the present- time, neither algae, fungi, amoebae 
or thermophilic bacilli are known to cause recurrent p y r e x i a  in 
haemodialysed subjects; if such organisms are the cause of recurrent 
pyrexia during haemodialysis, this must be due to the production of 
soluble pyrogenic products capable of traversing the dialysis mem­
brane; such a pathologic process is likely to be dose related, and 
provides the basis for selecting methods of detection of less than 
maximal sensitivity.
It is probable that the presence of algae in piped waters 
varies from one geographical area to another, being commonest in 
areas where piped supplies are derived from surface waters; this 
would explain their absence from Brighton waters which are obtained 
from sources below chalk strata. The absence of algae from waters 
in Brighton where pyrexial problems do not occur, and their presence 
in samples from the Hull and Carshalton renal units, both of which 
have patients with pyrexial problems, suggests a possible aetiological
relationship, however, their presence in the waters of Hull and 
Carshalton home dialysis units where patients dialyse uneventfully, 
would seem to indicate that if such a relationship exists, it is 
of a complex nature.
The presence of detectable numbers of fungi and amoebae in 
waters, probably indicates water of generally poor microbiological 
quality, in most cases their presence being secondary to the growth 
of bacteria which supply a primary organic basis for their growth. 
The concomitant presence of bacteria, fungi and amoebae, in water, 
tends to obscure the individual pathologic significance of all 
three forms of micro-organism. However, the presence of fungi and 
amoebae in 26 per cent of soft waters from Brighton home dialysis 
units where no pyrexial problems occurred, would seem to indicate 
a lack of pathogenic potential.
Small numbers of thermophilic bacilli are probably common to 
the waters of most geographicaJ areas, being derived from soil, and 
by virtue of their spores relatively resistant to chlorination.
Most modern haemodialysis machines contain heat exchange units, 
which first pasteurise dialysate, and then cool it; it is probable 
that at some point in these units, the temperature is suitable for 
the growth of thermophilic bacilli, which have been shown to grow 
slowly in dialysate, although the cell numbers reached are quite 
•low. However, in a series of seven samples included in Table 27 
the numbers of thermophilic•bacilli present in water circulating 
through such machines, was no greater than the numbers present in 
feed water to machines. It would therefore seem that thermophilic 
bacilli are common contaminants in water, usually present in small 
numbers, and that their presence is not connected with colonisation 
of haemodialysis machines, or pyrexia in haemodialysed patients.
While the results obtained cannot be interpreted as indicating 
an individual aetiological role for algae, fungi, or amoebae, in 
the pathogenesis of pyrexial episodes, the high recovery rate of 
these organisms from the waters of dialysis units where such problems 
exist, show the water quality to be poor; under these circumstances, 
it is common for patients to exhibit pyrexial symptoms during 
treatment.
2. The Microbiology of dialysgtes
a. Dialysate concentrate in Brighton and other units
The dialysate used in artificial kidney units is normally 
purchased from a single manufacturer as a concentrate which must 
be diluted before use with 29 volumes of water ('Renalyte*,
McCarthy Laboratories, Romford, Essex). While there is some 
variation in the composition of dialysates used by different units, 
the composition of a typical dialysate concentrate may be seen on 
page 30 , and has an osmotic pressure equal to a 25 per cent
solution of sodium chloride. Renalyte is supplied in 4 litre 
pl.astic containers as used in the Brighton unit, in 22 litre 
plastic containers, or in bulk tankers which pump it into storage 
tanks; the manufacturers do not claim sterility for this product 
which often shows a brownish discoloration, and a crystalline 
deposit.
Concentrates were sampled from renal units in Brighton, 
Carshalton, Portsmouth, Canterbury, Hull and Guy's Hospital, London. 
Direct plating of these samples on Columbia agar, MacConkey agar 
and Sabouraud's dextrose agar, failed to yield bacterial or fungal 
growth in all cases after seven days incubation at 30°C.
Since concentrate is not sold as a sterile product, it was 
anticipated that a more sensitive cultural method might yield 
bacterial or fungal growth. For this reason, 2 ml volumes of well 
mixed concentrate were taken from 58 four litre containers bearing 
three different manufacturing dates, and placed in 58 ml. volumes 
of nutrient broth; these were then incubated for one week, being 
subcultured on to nutrient agar when turbidity appeared or at the
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end of one week. The results of these investigations are given 
in Table 29. Growth was obtained from 45 samples, but since the 
sampling had been carried out in a dusty hospital storeroom, the 
possibility of contamination could not be ruled out.
The commonest isolate was a large truncate, motile, Gram 
positive bacillus, which grew within 24 hours in 27 primary 
cultures; cultures were turbid with surface pellicle formation. 
Prompt subculture on to aerobic nutrient agar yielded large, 
irregular, spreading colonies resembling Bacillus, all cultures 
appearing to be identical; if sub-culture was delayed beyond 
three days, no growth was obtained. Gram films of 48 hour cultures 
revealed cellular degeneration with a loss of staining reactions 
similar to that seen in Bacillus and Clostridium during sporulation 
however no spores were detected in these isolates. These findings 
suggested that isolates were an asporogenous species of Bacillus 
with exacting growth requirements; since they failed to grow when 
cultured in sterile dialysate, attempts at identification of these 
isolates were abandoned. ' . * * .
Typical sporing Bacillus isolates were obtained from 14 of 
58 samples. 3 samples yielded motile, catalase positive, oxidase 
negative, non-pigmented, asaccharolytic, Gram negative bacilli 
(1Achromobacter1). 1 sample yielded Staphylococcus aureus; this
was thought to be a contaminant introduced during sampling or 
inoculation. .
Since none of the isolates obtained from concentrate were 
those commonly found in normal strength dialysate when in use, it 
was concluded that they were of little significance as a starting 
inoculum.
Many concentrates showed a brownish discolouration and a 
slight deposit, this appearance being particularly common in old
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containers and bulk storage tanks. This was usually considered 
to be due to caramelisation of the glucose, and crystalline con­
stituents coming out of solution at low temperatures. It was 
considered possible that these appearances might be due to the 
presence of halophilic bacteria or fungi; in order to test this 
possibility, the residual deposits from 6 used Renalyte containers 
were examined by the methods below.
Microscopic examination revealed crystalline material, amor­
phous debris, and very scanty bacterial cells. Samples were also 
Cultured by inoculation of 0.1 ml on agar plates prepared by re­
constituting dehydrated nutrient agar, with 100, 6 6 , 33 and 3.3 
per cent, concentrate; inoculated plates were left at room temp- ' 
erature for six weeks, being examined at weekly intervals. Only 
one sample yielded growth; this isolate was a yeast which grew on 
3.3 per cent concentrate after one week, and on 33 per cent, con­
centrate after two weeks; since only 7 colonies developed from 
the 0 . 1  ml inoculum, and no growth occurred in full strength con­
centrate agar, it was concluded that this yeast was a contaminant 
capable of survival, but not growth in concentrate.
Attempts were made to isolate thermophilic bacilli from 10 
concentrate samples by inoculation of 0.5 mL of sample in to 14.5 ml. 
of nutrient broth. Tests were incubated at 55°C for 10 days but no 
thermophilic bacilli were isolated.
From the experimental work carried out it seemed that dialysate 
concentrates contained few viable micro-organisms. Those species 
which could be recovered from concentrates, appeared to be present 
in small numbers, and were incapable of growth in undiluted con­
centrate. Moreover, since they did not correspond to the species 
predominating in normal strength dialysate when in use, they seemed 
to have little significance in the microbiology of haemodialysis.
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However, one problem remained unresolved. While most 
vegetative bacteria are not capable of survival in the high salt 
concentrations found in dialysate concentrate (Bower et al., 1966), 
lysis of large numbers of bacteria in such a solution might render 
it toxic. Studies reported later in this thesis show that the mean 
endotoxin level of 1 0 concentrate samples tested was in the region 
of 500 ng/ml; such a figure is comparable to that seen in soft 
waters with a very high bacterial count. These results must be 
interpreted with some caution since the effect of high salt con­
centrations on endotoxins and their detection by the Limulus 
technique is not known. It would be valuable to know more of the 
conditions of manufacture of concentrate, and to examine water 
(and other ingredients) used in its preparation, by culture and 
the Limulus technique for endotoxin.
Finally, it must be said that the use of concentrate from a 
common source by almost all renal units in the U.K., and the 
frequency of pyrexial reactions in certain units, and their absence 
from other units, indicates that concentrate is an unlikely cause 
of these phenomena.
b. Levels of dialysate contamination in Brighton, and three
other renal units
Much quantitative data has been accumulated on the levels of 
dialysate contamination in the Brighton renal unit, and this is 
reported in subsequent sections of this thesis. Three other renal 
units were visited in order to obtain dialysate samples for comparison 
with Brighton dialysates. At one other unit visited (Carshalton), 
no patients were being treated at that time, and only water samples 
were taken.
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The reason for comparing dialysates from various units was 
to ascertain whether results obtained at Brighton were typical of 
haemodialysis units generally. From observations made during 
visits to other units, and the results of a national survey 
reported in the next section of this chapter, it became clear that 
the methods and equipment used in the Brighton unit were far from 
typical*. The majority of units (Table 35 ) used haemodialysis 
machines which incorporated proportionating pumps to mix dialysate 
concentrate and water, and heat exchange systems which pasteurised 
the resultant dialysate; in addition, most renal units used flat 
bed dialysers or re-use coil dialysers, neither of which are used 
in Brighton. Such variations in the equipment used, in turn, 
imposed variations in the sampling methods used when visiting other 
units, and it is important that sampling variations are borne in 
mind when comparing results obtained in different units.
Table 30 summarises the levels of contamination found in 
some of the dialysate samples from the Brighton unit; during 1974- 
mobile dialysate trolleys (topping up tanks) were in use in the 
Brighton unit, and since these are not in use in any of the units 
visited, the table includes only samples examined during 1976-78, 
in order that valid comparisons can be made.
Of the units visited, the Portsmouth unit was the most 
similar to the Brighton unit in terms of the working practices and 
equipment used; both, use soft water which is freshly prepared, and 
not stored in tanks, both use bulk dialysate prepared in a tank 
prior to the start of treatment, and both use coil dialysers.
There were however, some differences between the two units which 
might be expected to affect the level of dialysate contamination.
At Portsmouth, the dialysate was prepared in an ante-room and pumped
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up to 100 feet to the point of use; the dialysate was prepared 
by the patient just prior to treatment, and in consequence was 
always fresh; coils were re-used up to six times before discarding 
them; all equipment was sterilised by soaking in 2 per cent 
formalin (0.8 per cent formaldehyde) while not in use, being 
Euised out just prior to use. -
Table 31 shows the results of viable counts on dialysate 
samples from 8 dialysing units in the Portsmouth unit; in each 
case dialysates were sampled from the dialysate tank, the dialysing 
compartment, and the drainage tubing of each dialysing unit. The 
term dialysing unit is used here to mean a set of equipment used 
to treat one patient, and consists of a tank, pump monitor unit, 
and plastic dialysing compartment, assembled in the Portsmouth 
unit; they are connected by plastic tubing, aid do not constitute 
a single haemodialysis machine as used in the Brighton unit.
Dialysates from tanks showed viable counts from <100-730 
c.f.u./ml., these results being very similar to those found in 
freshly prepared tanks of dialysate in Brighton. Samples from 
dialysing compartments had viable counts from 800-62,000 c.f.u./ml., 
with a mean of 15,300 c.f.u./ml.; this mean figure is slightly 
lower than that of samples also taken during mid-dialysis from 
dialysis compartments in Brighton. Dialysates from drainage tubes 
showed a mean viable count of 77,800 c.f.u./ml., but it must be 
noted that drainage tubes may become contaminated from the drain in 
which they are inserted; this figure cannot be compared to results 
obtained in the Brighton unit since drain tube samples were not 
taken there, but it may be compared with samples taken in the 
Canterbury unit.
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Table 32 gives the results of viable counts on dialysates 
sampled at the Canterbury unit, being taken from Cambridge and 
Nycotron machines, both of which have proportionating pumps and 
heat exchange units, to prepare and pasteurise dialysate. The 
soft water used in this unit is stored in tanks prior to use. In 
this unit, dialysis is carried out in sealed dialysing compartment 
which cannot be sampled while in use; samples were therefore taken 
from the tubing between the machine and the dialysing compartment 
(pre-membrane), and from the drainage tubing from the dialysing 
compartment (post-membrane). '
Pre-membrane samples taken in the first hour of dialysis from 
5 Cambridge machines had a mean viable count of 5,400 c.f.u./ml., 
while three samples taken from the same machines in the last hour 
of dialysis had a mean viable count of 3,600 c.f.u./ml. Sine e 
the pasteurised dialysate was being used at a flow rate of approx­
imately 250 ml. per minute, the similarity of these mean counts, 
obtained over a 6 hour interval, suggests that restricted growth was 
taking place during this time. Table 18 shows the feed water to 
these machines to have a viable count of 53,000 c.f.u./ml., and the 
counts of these pre-membrane samples would suggest that some 10 per 
cent, of the bacterial cells present in the feed water, are 
resistant to the pasteurising unit in the machines. When compared 
with pre-membrane (tank) dialysates at Brighton and Portsmouth, it 
is seen that unpasteurised dialysates prepared from freshly softened 
water, have a lower bacterial count than pasteurised dialysates 
prepared from water stored in tanks.
Post membrane dialysates had a mean viable count of 20,000 
c.f.u./ml. in the first hour of dialysis, rising to 33,000 c.f.u./ml. 
in the last hour of dialysis. These counts were slightly lower than 
the mean counts of Brighton dialysates sampled in the first and last
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hour of dialysis; in both units a rise in the mean counts during 
the process of dialysis indicates the occurrence of bacterial growth 
in warm dialysate containing nitrogenous waste.
In the one Nycotron machine examined, it was only possible 
to obtain post membrane dialysate, and this only in the first 
hour of dialysis. This sample, which was taken from the drainage 
tube, had a viable count of 390,000 c.f.u./ml. consisting of an 
apparently pure culture of Enterobacter cloacae. The reason for 
this very high count was not determined, but the absence of this 
species from the feed water used, and its presence in drainage 
tube samples from three Cambridge machines, suggests the drain 
holes as the source. Drain tube samples taken at the Portsmouth 
unit showed viable counts which were much higher than samples from 
dialysing compartments of the same machines (Table 3l) suggesting 
that the former cannot be taken to reflect the viable count of 
dialysate at the point of contact with the membrane.
Table 33 shows the results of samples obtained at Guy*s 
Hospital, London, from Dylade and Lucas machines used with plate 
dialysers. Samples were taken from the entry port (pre-membrane) 
and exit port (post-membrane) of plate dialysers, at a point in mid 
dialysis. Both Dylade and Lucas machines have proportionating pumps 
and pasteurising units.
Pre-membrane samples showed growth in only one of five, and 
post membrane samples in three of five, cultures made by standard 
loop. Samples showing growth had viable counts varying from 
1,400 c.f.u./ml. in a pre-membrane dialysate, to 7,000 c.f.u./ml. 
in a post-membrane dialysate. Results of these tests on Guy's 
Hospital dialysate, were more acceptable than those obtained at 
the Canterbury unit, although both units use a similar type of
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machine, and tank stored water. Table 18 shows the viable count 
of two tank waters at the Guy's Hospital unit to be 4,600 and 
7,200 c.f.u./ml. It is clear that even with water of poor quality, 
machines with pasteurising cycles can provide dialysate containing 
few viable bacteria.
All dialysate samples from Guy's Hospital were also cultured 
by placing 0.1 ml. volumes in to tryptone water; all samples yielded 
Bacillus sp. which were presumably present in small numbers in the 
feed water to machines. By contrast the predominant flora in 
samples yielding growth by direct plating, were K. pneumoniae and 
Pseudomonas sp.
Collectively, the results obtained from the four units examined 
were of interest in that two units using unpasteurised dialysate 
(Brighton and Portsmouth), prepared it from freshly softened water, 
while the two units using pasteurised dialysate (Canterbury and 
Guy's Hospital), prepared it from water stored in tanks, which in 
consequence had a very high bacterial count. This was reflected in 
the pre-membrane dialysates from Brighton and Portsmouth, which had 
counts approximating to those of soft water drawn from taps with 
tubing attached to their nozzles. By contrast, the results from 
Guy's Hospital showed that even when feed water of poor micro­
biological quality has used, machines with a pasteurising cycle 
could produce dialysate with a very low bacterial count. However, 
the results from the Canterbury unit show that the use of such 
machines by no means guaranteed such low counts in dialysate.
Comparison of dialysates from Brighton, where hypochlorite 
was used for disinfection of equipment, and Portsmouth, where 
formaldehyde was used for this purpose, suggested that neither of 
these agents is superior to the other.
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Bacterial counts of post-membrane dialysates from 3 of 4
4 5units examined showed levels of contamination between 10 -10 
c.f.u./ml. in many samples, although pyrexial reactions during 
dialysis were not known to occur in the three units concerned. 
Paradoxically, at the Guy's Hospital unit, where all post membrane 
dialysates showed bacterial counts below 10^ c.f.u./ml., such 
reactions were said to be common. This seemed to suggest that 
the occurrence of pyrexial reactions during dialysis, was not 
necessarily related to the viable bacterial counts of dialysates. 
Unfortunately no opportunities occurred to sample dialysates from 
the machines of patients while they were suffering pyrexial reactions.
c. Levels of dialysate contamination in a national survey
Dialysate samples were solicited from other units in the U.K. 
by post, in order to compare their flora with that of Brighton 
dialysates. 25 of the 35 units approached were willing to contribute 
samples. Contributing units were asked to obtain samples from a 
machine type which was common in that unit, selecting a machine 
which was average in terms of machine usage, age and maintenance.
It was stressed that the samples should be obtained by use of an 
aseptic technique.
Two samples of dialysate from the same machine were requested, 
•one to be taken from a point before contact with the dialysis 
membrane, and the second from a point after contact with the membrane; 
these are referred to as the pre-membrane and post-membrane samples 
respectively. Units were asked to pour some of each sample over a 
dip-inoculum slide provided, and to provide the remainder of the
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sample in a sterile one ounce bottle which was also provided.
Each unit therefore provided two Dipslides for quantitative 
culture, and two bottles of dialysate for qualitative culture.
The validity of sending inoculated Dipslides via the post was 
confirmed by sending out self addressed Dipslides'from Brighton, 
and comparing the results with identical Dipslides inoculated 
at the same time, which were incubated directly.
Contributing units were also asked to provide information 
on type of machine sampled, the method of disinfection used, and 
the time at which it was last used.
Fig. 15 shows the locations of units which have contributed 
dialysates for study in the preparation of this thesis; units 
1-25 contributed dialysates to the survey, while units 15, 19,
27 and 28, have been visited on one or more occasions for the 
purposes of obtaining fresh dialysates.
Table 34 records the appearances of samples on arrival in 
Brighton, each being graded as clear, hazy or turbid. Although 
subsequent results show the qualitative flora of pre and post 
membrane dialysates to be similar (Table 49), it can be seen that 
after the postal period, most pre-membrane dialysates were clear, 
while most.post-membrane dialysates were turbid. This would seem 
to indicate that the presence of nitrogenous waste in dialysate 
is more likely to cause bacterial proliferation, than endogenous 
nutrient in dialysate or prolonged incubation at room temperature.
Table 35 shows the types of machines sampled, the method of 
disinfecting machines or dialysate, and the results of quantitative 
cultures obtained by Dipslides. 22 units sent paired samples from 
machines having proportionating pumps and pasteurising systems for
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1 E d g b a s t o n ,  B i r m i n g h a m
2 E x e t e r
3 S h e f f i e ld
4 D u lw ic h
5 H u ll
6 S t o u r b r id g e  
7 _ E a s t  B i r m i n g h a m
8 W h i t e c h a p e l ,  L o n d o n
9 M a n c h e s t e r
10 L e i c e s t e r
11 D u n d e e
12 G l a s g o w  
1 3 B r i s t o l
14 H a m m e r s m i t h ,  L o n d o n
15 G u y 's  H o s p i t a l ,  L o n d o n
16 S to k e  on T r e n t
17 L i v e r p o o l
18 A y l e s b u r y
19 C a r s h a l t o n ,  S u r r e y
20  N o r w i c h
21 A b e r d e e n
22 R o y a l  F r e e  H o s p i t a l ,  L o n d o n
23  R h y l l
24  D e r b y
25  M i d d l e s e x  H o s p i t a l ,  L o n d o n
26 B r ig h t o n
27 P o r t s m o u t h
28  C a n t e r b u r y
Figure 15
The locations of renal units from which dialysates have been examined.
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dialysate preparation. The remaining 3 units sent samples from 
machines which were disinfected by chemical means; these were a 
Lucas machine which was disinfected by formalin, but which had a 
proportionating pump for dialysate preparation, a REDY machine in 
which a small volume of dialysate is continuously'used and re­
generated, and a Travenol R.S.P. machine disinfected by hypo­
chlorite. Thus only one pair of samples was truly comparable with 
the dialysates in use in the Brighton unit. The survey does how­
ever provide a good basis for the comparison of machines having 
proportionating pumps and heat pasteurisation, and machines which 
are chemically disinfected.
Of the 22 machines having'a heat pasteurising cycle, the 
majority showed bacterial ounts below 10^ c.f.u./ml. in both pre and 
post-membrane dialysates; it should be noted that such samples are 
usually obtained by the detachment of metal bayonet type fittings 
at each end of the dialyser, and that since such detachment 
activates alarms and monitors which cause cessation of blood flow, 
it has to be done very rapidly. This being the case it is possible 
that the results obtained may represent the flora of the bayonet 
union, as well as the dialysate flow; the situation is somewhat 
analogous to sampling water without sterilising the tap.
By contrast the machines which were disinfected chemically,
showed higher bacterial counts in both pre and post-membrane samples.
The R.S.P. machine in the survey showed a bacterial count of less 
4
than 10 c.f.u./ml. in the pre-membrane sample, and more than
5 /10 c.f.u./ml. in the post membrane sample; these results are 
similar to the findings in Brighton R.S.P. machines.
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While experience at the Canterbury unit indicated that 
machines with pasteurising cycles may sometimes yield heavily con­
taminated dialysate if post-membrane samples are taken from 
drainage, tubing (Table 32"), random samples from 22 units in the 
survey which use similar machines, would suggest that such findings 
are the exception rather than the rule (Table 3 5 ) , thus confirming 
the results obtained at the renal unit of Guy’s Hospital. (Table 3 3 ) .  
With the benefit of hindsight, it would have been useful to request 
information on the storage of water in tanks when planning this 
survey, in order to correlate such storage with water storage, 
and the incidence of pyrexial reactions.
The small number of units (3) submitting dialysates from 
chemically disinfected machines, prohibits firm conclusions being 
drawn from the results obtained; these results do however suggest 
that the use of such machines is associated with high levels of 
dialysate contamination, and confirm the results obtained from 
dialysate samples in Brighton. '« v
The fact that only 3 of 25 units submitted dialysates from 
machines which were chemically disinfected, two of which incor­
porated dialysate tanks, suggests that the use of such machines is 
exceptional; this is not to suggest that such machines are rare, 
since it is known from discussions with renal unit technicians that 
most renal units use a variety of machine types, but merely that 
such machines are not used as a first choice in most cases.
Machines having dialysate tanks posess certain advantages which make 
them a useful back up for machines of more advanced design. Thus 
a REDY machine is very portable and can be installed quickly in an
212'
emergency, and both the REDY and R.S.P. machines can be used 
under conditions of intermittent water supply which might be 
experienced during maintenance work on water mains or freezing 
within pipework in exceptional weather.
The Brighton unit was therefore exceptional'both in the 
use of machines incorporating dialysate tanks which were chemically 
disinfected, and in the use of a single type of machine. Failure 
to appreciate the exceptional nature of the equipment and working 
practices used in the Brighton unit, led to many erroneous 
assumptions being made in the early part of the work leading to 
this thesis. Had this information been available from the start, 
it is likely that the investigations carried out would have been 
modified in order to give information of more general relevance 
to haemodialysis, rather than information on haemodialysis as con­
ducted under conditions in the Brighton unit.
d• A collection of 500 isolates from Brighton dialysates.
The collection was formed during a three month period in 
1974 when 166 random renal unit samples were cultured on MacConkey 
agGr and nutrient agar. These cultures yielded 500 isolates, an 
average of three isolates per sample. Isolates were selected on 
the basis of colonial morphology and in each case the predominant 
colonial form was picked first, followed by other colonial forms, 
in.descending order of dominance.
The largest number of isolates from a single sample was eight. 
Since selection was made on the basis of colonial morphology, species 
having more than one colonial form within a given sample were 
represented by more than one entry in the collection.
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When present in a sample, Acinetobacter and Pseudomonas stutzeri 
frequently showed more than one colonial form.
The 166 sampling sites used were made up from, topping up 
tanks 28, machine tanks 98, and machine compartments 40. The 
location of these sampling points is shown in Figs 22  and  2 6 .
It was anticipated that formation of the collection would 
indicate which bacterial species were commonly found in the R.S.P. 
machine, and the sites in the machine where individual species 
might predominate. Such information was regarded as a pre­
requisite in attempts to determine the factors responsible for 
bacterial colonisation of the machine, and in formulating methods 
of eradication if they were shown by clinical studies to be 
desirable. Comparison of the flora of the R.S.P. machine with 
that of dissimilar machines used in other units, might also help 
to evaluate the clinical significance of machine contamination.
All 500 isolates were first screened by Gram film, motility, 
catalase, oxidase, production of acid and gas from glucose, and 
lactose fermentation on MacConkey agar. These screening tests 
enabled isolates to be allocated to the groups shown in Table 36;
486 isolates were Gram negative while only 14 were Gram positive.
Table 37 shows the characteristics of 253 Acinetobacter 
isolates obtained from 147 samples; 96 of these samples yielded 
both Jecithinase positive and Jecithinase negative isolates 
(having differing colonial morphology), while the remaining 51 
samples yielded only one form. It can be seen that of the tests 
used, only the lecithinase reaction usefully subdivides the 253 
isolates, with 118 isolates (46.6 per cent) giving a positive result;
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all other characteristics in the table have conditional probabilities 
of less than 1, or more than 99, per cent.,Lecithinase production was 
'a stable feature remaining unchanged after isolates had been 
stored for 5 years in the refrigerator. This use of the Jecithinase 
reaction was revealed by the application of a wide variety of micro­
biological characterisation tests to all Acinetobacter isolates, 
in an attempt to subdivide them. Further details of the application 
of this test to renal unit isolates are given later in this chapter.
Table 38 shows the characteristics of 47 oxidase positive 
Gram negative rods giving a positive reaction in Thornley* s arginine 
medium. All except one isolate show the production of pyocyanin 
and/or fluorescent pigment. Tes-ts for the utilisation of carbo­
hydrate substrates were made in ammonium salt based media, and may 
differ from results expected in peptone based media.
Table 39 shows the characteristics of 70 oxidase positive 
gram negative rods, not producing fluorescent pigments, and giving 
a negative result in Thornley*s arginine medium. Pseudomonas 
stutzeri isolates were characterised by much variation in colonial 
morphology, and a strongly positive test for starch hydrolysis. 
Pseudomonas maltophilia isolates were oxidase negative or weakly 
positive when first tested, and were not immediately recognised as 
pseudomonads; however, when tested on a variety of basal media, 
all isolates showed a weakly positive oxidase reaction on at least 
one medium. Aeromonas hydrophila isolates were readily identifiable 
by a positive oxidase reaction and the production of acid from 
lactose on MacConkey agar.
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Urea hydrolysis 
Gelatine hydrolysis
Starch hydrolysis 
Xylose 
Mannitol 
Arabinose
Glucose 
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Table 40  shows the reactions of 116 isolates belonging 
to the Enterobacteriaceae when characterised and identified by the 
API 20 E system. This system uses American nomenclature, and 89 
isolated were identified as Klebsiella peneumoniae; since all 
isolates were indole and/or V.P. positive in the API tests, and 
in conventional test procedures were gluconate positive and 
failed to utilise dulcitol, all would be identified as Klebsiella 
aerogenes if English nomenclature were used (Lapage et al., 1973). 
The two Escherichia coli isolates in the table were negative when 
tested by the Eijkman technique, and were assumed to be of non- 
faecal origin.
Tables 41 f 42  f ancj 4 3  f show the characteristics of Gram 
positive isolates in the collection, consisting of Streptococcus, 
Micrococcus, and Bacillus. Since these Gram positive isolates 
form only 3 per cent of the total 500 isolates in the collection, 
they were not used in further studies.
The basis of growth of Acinetobacter, Pseudomonas and 
Enterobacteriaceae in dialysate, and more detailed studies made 
on isolates belonging to these groups, are described in subsequent 
sections of this chapter.
The distribution of species in the sampling sites used.
Data accumulated during the collection of five hundred 
isolates from Brighton dialysates made it possible to determine 
both the frequency at which species were found in each sampling 
site, ancl the .species predominant in each of the samples used.
It was hoped that analysis of this data might help reveal the 
reasons for colonisation of given sites.
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Table 4 4  shows the predominant isolates recovered from each 
of 166 dialysate samples used to compile the collection. It can 
be seen that Acinetobacter sp. were not only the most frequent 
isolates in the collection, but were also the commonest predominating 
organisms in all three sampling sites, indicating Ihe ability of 
these organisms to proliferate in dialysate. They were found to 
be more likely to predominate in topping up tanks and machine 
tanks (82 per cent.) than machine compartments (57.5 per cent.), 
suggesting that the higher temperature and nitrogenous waste found 
in machine compartments encourages competitive growth by other 
species.
By contrast, oxidase positive rods were more likely to 
predominate in machine compartments (27.5 per cent.) than in machine 
tanks (9 per cent.) or topping up tanks (3.6 per cent.), suggesting 
that they were better suited to growth in dialysate containing 
nitrogenous waste kept at body temperature. Isolates corresponding 
to Enterobacteriaceae were found to predominate in  e a c h , o f  th e  s a m p lin g  
sites used, at similar frequencies.
Although the collection contained only 14 Gram positive 
isolates, 4 of these were seen to represent a predominant flora; 
this may be misleading since 3 of these 4 isolates were present in 
only small numbers in samples taken from recently disinfected sites. 
These results may therefore reflect transient contamination, or 
relative resistance to hypochlorite, rather than an ability to 
grow rapidly in dialysate.
Table 4 5  shows the distribution of all 500 isolates in the 
sampling sites used. Acinetobacter sp. were seen to be the commonest 
isolate from all three sampling sites, although when expressed as a
226'
percentage of total isolations from each site, they were less 
common in machine compartments than in topping up tanks or machine 
tanks. Oxidase positive rods were most frequently isolated from 
machine'compartments, while Enterobacteriaceae were most frequently 
isolated from topping up tanks. The relatively higher rate of 
isolation of Gram positive species from machine compartments could 
be due to nutritional factors, or contamination of this exposed 
site from the surrounding environment.
Table 46 shows the distribution of oxidase positive species 
in the three sampling sites. The numbers of isolates are too small 
for firm conclusions to be drawn, but most species show a fairly 
even distribution. However, Pseudomonas aeruginosa and Pseudomonas 
maltophilia were more common in machine compartments, while 
Pseudomonas fluorescens, which has a lower optimal growth temperature, 
was more common in machine tanks. The presence of so many species 
in all three sites reflects the ubiquity of this group of organisms 
in aqueous environments, and their ability to colonise the plumbing 
joints in the R.S.P. machine as described in section 3c.( Table 65).
Table shows the distribution of 116 Enterobacteriaceae 
isolates. When expressed as a percentage of sample numbers used, 
Klebsiella pneumoniae and Enterobacter cloacae were more commonly 
isolated from topping up tanks than machine tanks or machine com­
partments. Citrobacter freundii and Escherichia coli were isolated 
from machine compartments only, suggesting that they had not passed 
through the machine circulation, but were the result of exogenous 
contamination." The latter hypothesis is perhaps confirmed in Table48 f 
where faecal streptococci are seen to be commonest in machine 
compartments; the occasional isolation of E. coli and Streptococcus 
faecalis from machine compartments, suggests transient contamination
of this site, which is frequently handled during the course of treatment
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e. The species present in dialysates from other units.
While the degree of bacterial contamination found in Brighton 
dialysates and those of other units were found to differ, the species 
responsible for contamination were found to be similar in all units.
In all of the units visited, Pseudomonas, Enterobacteriaceae and 
Bacillus were found in waters and dialysates, while Acinetobacter 
was found in all except one of the units visited. In a national 
survey, paired dialysates from 25 renal units showed the same 
organisms among the predominant flora.
The Portsmouth renal unit uses a batch dialysis system similar 
to that used in Brighton, but uses 2 per cent, formalin (0.8 per cent, 
formaldehyde) to disinfect equipment. In the Portsmouth unit,
Bacillus sp. were predominant in dialysate tanks, Enterobacter 
cloacae was predominant in dialysing compartments, while green 
pigmented Pseudomonas sp;:. were predominant in the heavy mixed flora 
of drainage tubing. E. cloacae was isolated from the water lines 
and equipment used in the preparation of re-usable dialysers, and 
it seems likely that this was the source of contamination of the 
dialysing compartments. No Acinetobacter sp. were isolated from 
any of the samples taken in this unit, suggesting that the frequency 
of this organism in the Brighton unit might be related to the use of 
hypochlorite as a disinfecting agent.
. .At the Canterbury renal unit where machines with a pasteurising 
cycle are used, species of Pseudomonas and Enterobacter were pre­
dominant in dialysates from all the machines sampled. An Acine­
tobacter isolate was recovered from one Cambridge haemodialysis 
machine.
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Dialysates from Guy’s Hospital renal unit yielded no growth 
in 6 of 10 samples plated on agar, the remaining samples showing 
a predominant growth of K. pneumoniae and Pseudomonas sp. An 
Acinetobacter sp. was isolated from one sample. Culture of larger 
volumes of dialysate in broth led to the isolation- of Bacillus sp. 
from all dialysate samples tested.
No dialysate samples were taken during visits to the Car- 
shalton renal unit at St. Helier Hospital, but several samples 
of dialysate from home dialysis units supervised by this hospital 
have been examined; Pseudomonas, Klebsiella, Enterobacter and 
Bacillus, have all been isolated from these samples.
Table 49 shows the genera isolated from 25 paired (pre and 
post membrane) dialysates in the national survey; isolations were 
made by culture of dialysate on agar, and by subculture from 
inoculated Dipslides submitted for quantitative culture. A total 
of 148 isolates were obtained from the 50 samples examined.
Pseudomonas and Bacillus were the commonest isolates, and by 
coincidence, 50 isolates of each were obtained from 50 samples of 
dialysate. The high frequency of Bacillus isolation from these 
samples is almost certainly associated with the fact that 21 of 25 
machines sampled, contained a pasteurisation unit. Micrococcus sp. 
were the third commonest isolate, most strains being asacharolytic 
and producing a yellow pigment characteristic of M. afermentans 
(lutea); one isolate having these characteristics was found in the 
Brighton collection (Table42).
Only 9 isolations of Acinetobacter were made, this 
corresponding to 6 per cent of all isolations in the survey, 
as compared with a 51 per cent, isolation in the Brighton 
collection. The reasons for this lower isolation rate mig ht 
include; the absence of chemical disinfection; the use of pro­
portionating pumps to prepare dialysate, rather than bulk pre­
paration in tanks; the heat pasteurisation of dialysate.
Enterobacteriaceae were less common in the survey than in 
Brighton, only 18 isolations being made; these were made up of 
Klebsiella (8), Enterobacter (6), Serratia (3) and Citrobacter (l).
No E. coli were isolated from any samples.
Miscellaneous isolates from the survey included Aerococcus, 
Staphylococcus (coagulase negative), Yeasts (Candida tropicalis 
and a Rhodotorula sp.), Aeromonas, and Flavobacterium. One isolate 
listed in the Table as "Achromobacter", was an afermentative, 
oxidase negative, motile Gram negative bacillus.
Table 50 lists the species of Pseudomonas isolated from 
dialysates in the survey, the species found being very similar to 
those in the Brighton collection. (Table 38). P. stutzeri was the 
commonest pseudomonad in both the survey and the Brighton collection. 
P. putida and P. fluorescens were more common in the Brighton 
collection than in the survey, while the reverse was true of 
P. aeruginosa and P. maltophilia. P. diminuta was found in survey 
samples but has not been identified in Brighton dialysates to date. 
One isolate could not be identified as specific level and is listed 
only as Pseudomonas sp.
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Comparison of isolates obtained in the survey, with those 
in the Brighton collection, indicated that the flora of dialysates 
in the U.K. were very similar. Thus while modifications of the 
equipment and methods used in haemodialysis may result in a 
quantitative change in the degree of contamination found in dialysate, 
the bacterial species found in most units are essentially the same.
Such a finding is not unexpected since it probably reflects a 
bacterial flora which is very similar in mains water of most regions, 
which has been transferred to dialysate which is of contant composition 
in most renal dialysis units.
f. The growth of Acinetobacter, Pseudomonas and Enterobacteriaceae
in dialysate.
Since the majority of isolates from Brighton dialysates belonged 
to one of the groups above, it was thought necessary to investigate 
the basis of their growth in dialysate in some depth.
At an early stage in the work leading to this thesis, the 
possibility of using dialysate solidified with agar for quantitative 
microbiological studies was investigated. Media were prepared from 
both fresh dialysate and * spent' dialysate containing nitrogenous 
waste which was pooled from 5 haemodialysis machines; these media 
were used for pour plate counts on dialysate,. and the results com­
pared with counts made using Columbia agar.
Table 51 gives the results of these counts which showed that 
while fresh dialysate agar supported bacterial growth, efficiency 
as a growth medium is improved by the presence of nitrogenous 
waste; neither form of dialysate agar was however, as efficient as
237
ne
d 
in
C
o
l
u
m
b
i
a
ag
ar 34
0 0
94
0
32
8 22
38
0
33
5
•H
a
-p 0_a -p
o a
10
.
.—i ■—i
E O p co cm o  ' rs.' >o o m
•H O CO CM CM CM ’ CM
• “D 05 CM vO -H CO CM
O
• -P4- C ,
• 0
O Q_
CO
-P
c .
3
oo 0
-p
0 a
-p to
o >N
1— 1 r-H
a. O P CM O  CO ^  hs O i— 1
•H O m  00 M3 rH o
"O 05 >— 1 <-H CM I— 1a
_c
to
0
p
Li_
0
■— 1a.
E
O
to
c
0 ■— I CM CO H* m  M3 a
-p 0o E
(0>N
H
O
•H
Q
>x
0
p
0 p o-P 0 E
O P >
to 0 o E
X _C o P
■—1 05 0 OD
T •H
-C
p 4-
_ c
to
0
p
c
•H
“O0
-P
CD
OO
0
-Po
0
P
0
5
to
0
-p
o
to
X
I—I
o
•H
"O
-V
c
o4->
X
• H
tO
C
0_c
•D 
0 
C : 
•H 
O 
-P 
_Q 
O
P
O
05
O
0
-PO
to
>N 
I—1o•H
“O
-Pc
0
QL
(A)
P
O
05
O
O
•H
_Q
e
O 
■— I 
O
o
-oco
po
05
O
0
-Po
to
>s 
i—Io
•H
“O
"O
O
O
05
oo
tO
0
>
•H
05
P
0
_C
-P
•H
0
C
-P
o
_Q
P
O
05
O
0
-P
o
tO
X
Ho
•H
"O
_C
tO
0
P
co
JC
05
c
•H
-P
O
o
to -p
-P c X
>—1 0 o
r-H 3 a. c
m to (0 0
0 •H
0 P w O•—i p •H_Q 0 a 4-O _c 05 4-
f— h- o 0
2 38
as
 
Co
lu
mb
ia
 
ag
ar
. 
Ap
ar
t 
fr
om
 
th
e 
lo
we
r 
co
un
ts
, 
co
lo
ni
es
 
on
 
di
al
ys
at
e 
ag
ar
s 
sl
ow
ly
 
an
d 
ar
e 
sm
al
le
r 
in
 
si
ze
, 
th
an
 
th
os
e 
on
 
Co
lu
mb
ia
 
ag
ar
.
Columbia agar. When the same samples were surface plated on these 
media, colonies on dialysate agars were small and dysgonic compared 
with the more luxuriant growth on Columbia agar. Subculture of 
individual isolates showed that this finding was not confined to 
any one bacterial group, but was common to all of -them.
It was anticipated that spent dialysate would be a better 
growth medium than fresh dialysate since samples of the former 
normally develop turbidity due to bacterial growth when left to 
stand overnight at room temperature. Table 34 records the 
appearance of fresh and spent dialysates from other units, after 
a period of postage to Brighton. Such results had indicated that 
the dialysate flora of most units grow better in spent dialysate 
than fresh dialysate. In a series of twenty recordings from 
R.S.P. machines, the mean pH values of fresh dialysate from machine 
tanks was found to be pH 7.5, while the mean figure for spent 
dialysate from machine compartments was found to be pH 7.74.
Assuming the optimal reaction for bacterial growth to be near 
neutrality, it seems likely that the improved growth seen in spent 
dialysate is due to nutritional factors rather than pH. Even in 
the presence of these nutritional factors however, dialysate 
appeared to be a poor substitute for Columbia agar, and it was not 
used after this experimental period for quantitative work.
Dialysate contains sodium acetate and dextrose as sources of 
carbon which might be utilised by bacteria. It is often suggested 
that the growth promoting qualities of dialysate are due to the 
dextrose constituent (Gutch and Stoner, 1975; Wing and Magowan, 1975), 
but no reference has been found to the possible utilisation of
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acetate in dialysate by bacteria. Such suggestions are presumably 
based on the assumption that dextrose is a preferred substrate.
But dextrose is a non-essential constituent of dialysate used to 
draw water from the patient by ultra-filtration, and to provide 
calories, and both functions are easily achieved by other means.
If it could be shown that bacterial growth in dialysate is 
dependent upon dextrose, the omission of dextrose on microbiological 
grounds might be a useful conclusion to be drawn from this work.
To test this hypothesis, a basal mineral salts medium con­
taining ammonium phosphate as a nitrogen source, but no carbon 
source, was prepared (Koser, 1923); this is referred to as Koser's 
base. To aliquots of this basal medium were added, 0,2 per cent, 
sodium acetate (Koser's acetate), 0.2 per cent, trisodium citrate 
(Koser's citrate), and 0.02 per cent, dextrose (Koser*s dextrose), 
after which all were adjusted to pH 7.0 and heat sterilised. The 
lower concentration of dextrose was used in order that trace 
utilisation of dextrose could be determined; dextrose estimations 
were made by the glucose oxidase-aminophenazone method using a 
Technicon Auto Analyser. Simmons citrate agar was also used in 
order.to compare the results with those obtained in Koser's citrate.
Dialysate isolates were inoculated into the media described 
■above, using a straight wire, and taking careto avoid carry over 
of. medium. Cultures were incubated for 3 days in order to exhaust 
nutrient reserves, and then subcultures into a second tube of the 
same medium, which was then incubated for one week. Cultures were 
then examined in an oblique light against a dark background, and 
turbidity and colony formation recorded. Tubes of Koser's dextrose 
were also used for dextrose estimation.
240
Table 52 gives the results obtained in these tests. All 
groups of organisms showed profuse growth in Koser*s acetate, 
suggesting that the omission of dextrose from dialysate on micro­
biological grounds would be pointless. Some Acinetobacter strains 
failed to show turbidity in Koser*s citrate, although all grew on 
Simmons'citrate agar; work reported in the subsequent section of 
this chapter indicates that growth on Simmons medium is not 
dependent upon the presence of citrate. The inability of bacteria 
which utilise acetate, to also utilise citrate, indicates a lack 
of citrate permease or citrate lyase, since acetate is one of the 
primary cleavage products of the latter enzyme (Blazevic and 
Ederer, 1975). ,
Klebsiella and Pseudomonas isolates all grew well in Koser*s 
dextrose leaving no detectable dextrose in the residual medium.
By contrast, Acinetobacter isolates failed to show turbidity in 
Koser*s dextrose, and the mean post incubation dextrose levels were 
reduced to 0.018 per cent.; a series of uninoculated controls 
incubated for the same period showed a mean dextrose level of 
0.0195 per cent. The failure of oxidative species to produce acid 
changes in nutrient media containing dextrose is often attributed 
to concomitant production of alkali from nitrogenous nutrients.
The results obtained suggest that Acinetobacter strains used in 
this experiment are unable to utilise more than trace amounts of 
dextrose, which are insufficient to cause visible turbidity.
An unexpected result of this experiment was the production of 
faint, but clearly visible turbidity, in 7 Koser base media inoc­
ulated with Pseudomonas isolates; such a finding casts doubt on the 
validity of interpreting turbidity in Koser*s citrate medium, as
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evidence of citrate utilisation. This finding supports the work
of Favero et al. (1971) who reported the growth of Pseudomonas
species in distilled water, reaching cell densities of 10^ c.f.u./ml.
since bacterial growth in clear fluids becomes visible as slight 
7 8
turbidity at 10 -10 c.f.u./ml. this report would-seem to indicate 
that growth in distilled water may reach visible levels.
But even occult growth involving sub-visible numbers of cells, 
if occurring i n a steady continuous manner, would be relevant to 
the problem of dialysate contamination. In order to obtain evidence 
of such growth all of the Koser's base media used in the previous 
experiment were well mixed, and one loopful of each plated on 
Columbia agar; a confluent growth was obtained from all tubes, 
even though 28 had shown no visible turbidity at the time of sub­
culture. Since an original small inoculum had been passaged 
through two 5 ml. volumes of Koser's base, these results indicated 
that occult growth had taken place in all tubes. _
In order to confirm the phenomenon of occult growth, the 
following experiment was conducted. Isolates used in the previous 
experiment were placed in Koser*s base and incubated for one week 
to.exhaust pre-formed nutrient. All tubes were well mixed, and one 
drop placed in a further 5 ml. of Koser's base which was mixed and 
a small sample removed for viable counting by the pour plate method. 
All tubes were incubated for 2 days, then well mixed, and used for 
pour plate count.
Table 53 shows the mean pre and post incubation viable counts
obtained in this experiment. Acinetobacter, Klebsiella and
Pseudomonas isolates all show evidence of occult growth, reaching
5 6 /cell densities of 10 -10 c.f.u./ml. In the shorter incubation 
period used for this experiment, none of the isolates used showed
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visible turbidity although some had showed turbidity in the 
previous experiment which used a longer incubation period.
It must therefore be assumed that the cell densities were by 
no mean's maximal.
The conclusions to be drawn from this section are as 
follows. While many of the bacterial species consistently found 
in dialysate are capable of utilising dextrose, they are equally 
capable of utilising sodium acetate as a carbon source; omission 
of dextrose from dialysate is therefore unlikely to improve the 
microbiological quality. Sodium acetate or sodium bicarbonate 
are essential constituents of dialysate, which cannot therefore 
be prepared as a carbon free product, in order to restrict 
bacterial growth. Even if it were possible to prepare carbon 
free dialysate, the microbiological evidence suggests that while 
bacterial contamination might be minimised, it is likely that the 
basic problem of contamination would still exist.
g. Detailed characteristics of isolates from dialysate
Studies already described have shown the majority of isolates 
from dialysates to belong to a limited number of bacterial groups 
including Acinetobacter, Pseudomonas and Enterobacteriaceae. The 
characteristics used in the identification of these organisms has 
been described in previous tables. Because some of these organisms 
have*presented unusual characteristics, certain supplementary 
studies have been made, and the results of these are presented in 
this section.
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Characteristics of Acinetobacter isolates
A wide variety of cultural environments and biochemical 
tests were applied to this apparently homogenous collection of 
isolates, in an attempt to subdivide them into groups for 
epidemiological purposes. As controls for these studies,
A. anitratus (N.C.T.C. 7644) and A. lwoffi (N.C.T.C. 5866) were 
also included. Apart from the production of jtecithinase by 
approximately half of the isolates, these investigations yielded 
little information of differential value; they did however clearly 
differentiate the dialysate isolates from the control strains, as 
well as demonstrating some interesting characteristics which are 
shown in Table 54.
Microscopy of isolates showed a mixture of coccoid and 
bacillary cells, predominantly diplococci on solid media, and 
chains of coccobacilli in broth. Lecithinase producing isolates 
showed less bacillary forms than non jlecithinase producing isolates.
All isolates grew well after overnight incubation on nutrient 
media, to give colonies 1-2 mm diameter which were smooth in 
appearance and texture. Prolonged incubation caused colonies to 
enlarge and develop a rough texture with a spreading edge and 
irregular outline; the presence of a few high convex colonies in 
•all cultures helped give the appearance of a mixed culture (Fig. 16). 
On egg yolk emulsion"agar, vjecithinase producing isolates were 
smooth in appearance and texture, with little tendency to spread, 
and were surrounded by a layer of opalescence; on the same medium, 
non ijecithinase producers showed a rough colony with a spreading 
irregular edge (Fig. 17). This difference in colonial morphology
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Figure 16
The appearance of a streak culture of Acinetobacter on Columbia 
agar after 8 days incubation. The development of secondary 
colonies over the original streak gives the impression of a 
mixed culture; all Acinetobocters isolated from the renal unit 
show this effect when incubation is prolonged. The photograph 
was taken under reduced oblique illumination in order to increase 
contrast.
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Figure 17
The appearance of streak cultures of Acinetobacter isolates 
after 4 days incubation on egg yolk emulsion agar. On the 
left, a lecithinase producing isolate shows smooth growth with 
a wide band of opacity on either side. On the right, a non- 
lecithinase producer shows rougher growth with obvious spreading 
away from the line of inoculation.
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Figure 18
The appearance of lecithinase positive (left) and lecithinase 
negative (right) Acinetobacter isolates after 4 days incubation 
on Columbia agar. These are the same isolates which are shown 
growing on egg yolk emulsion agar in Figure 17. The difference 
in tendency to spread can still be seen on this medium, but are 
much less evident than when these isolates are grown on egg yolk 
emulsion agar.
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between lecithinase positive and lecithinase negative isolates 
was much less evident on other culture media (Fig. 18). However, 
since in the collection of dialysate isolates, both lecithinase 
positive and negative isolates were picked from the same cultures 
(on the basis of colonial morphology) of 96 out of 166 samples used, 
colonial differences must have been present. Lecithinase production 
was shown to be a stable characteristic which all positive 
Acinetobacter isolates have retained after four years storage in 
the refrigerator.
It was thought possible that the pronounced colonial spreading 
of lecithinase negative isolates might be associated with what has 
been described as a gliding or twitching form of motility found in 
Acinetobacter (Lautrop, 1961; Halvorsen, 1963; Piechaud, 1963).
This form of motility may be visualised by prolonged phase contrast 
microscopy of microcultures on agar smeared cover slips (Dr. J. M. 
Shewan, personal communication). Many hours were spent examining 
such cultures but no motility was observed.
The zones of opacity produced in egg yolk emulsion agar by 
some Acinetobacter isolates were assumed to be due to lecithinase 
activity, since such zones resembled those produced by lecithinase 
producing strains of Clostridium perfringens. Egg yolk and human 
serum are both rich sources of lecithin, and both are used to 
demonstrate lecithinase production by C. perfringens; however, they 
are both of complex composition and contain many substrates including 
phospholipids (lecithin, sphingomyelin, cephalin and thromboplastin) 
and lipoproteins (lecithovitellin, alpha lipoprotein) which might 
produce opacity in the presence of specific enzymes. For this 
reason, it could not be assumed that the production of opacity in
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egg yolk emulsion agar by Acinetobacter isolates and C. perfringens, 
was due to the same enzyme.
In order to compare their activity against lipid containing 
substrates, cultures were grown on Tween 80 agar, egg yolk emulsion 
agar, and human serum agar; the results obtained are shown in 
Table 55. All Acinetobacter isolates tested produced Tween 80 
lipase but this enzyme was not produced by Clostridium perfringens 
or Escherichia coli.
Lecithinase producing renal unit Acinetobacter isolates, a 
prototrophic Acinetobacter supplied by Warwick University, and a 
Serratia isolate, all produced opacity in egg yolk emulsion agar 
but not in human serum agar. By contrast, Acinetobacter conjunctivae 
(N.C.T.C. 10304), Acinetobacter haemolyticus (N.C.T.C. 10305 and 
N.C.T.C. 10306), and C. perfringens, produced opacity in both egg 
yolk emulsion agar and human serum agar.
Lecithinase negative renal unit Acinetobacter isolates, 
Acinetobacter anitratus (N.C.T.C. 7644), Acinetobacter lwoffi 
(N.C.T.C. 5866), and Escherichia coli, failed to produce opacity 
in either egg yolk emulsion agar or human serum agar.
Coliform organisms were included in this study since they 
were being used for concomitant research on the same media. E. coli 
is recorded as lipase negative, but Serratia are exceptional among 
Enterobacteriaceae in producing lipase (Edwards and Ewing, 1972). 
Clostridium perfrincpns is known to lack lipase activity (Buchanan 
and Gibbons, 1974).
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The results shown in Table 55 indicate that the zones of 
opacity produced by renal unit Acinetobacter isolates grown on 
egg yolk emulsion agar do not correspond those zones produced 
by the antigenically specific lecithinase (phopholipase C) of 
Clostridium perfringens, since only the latter is-active on human 
serum agar. This lack of activity when lecithinase1 producing 
Acinetobacter isolates are grown on human serum agar, suggests 
that this enzyme might in reality be a lipoproteinase active 
against lecithovitellin which is present in egg yolk but not in 
human serum. In an attempt to clarify the situation, agar plates 
containing 0.02 per cent, lecithin (DL alpha phosphatidyl-choline 
dipalmitol; Sigma) were prepared and the organisms used in Table 80 
grown upon them; unfortunately none of the cultures used produced 
zones of opacity.
Gilardi (1971) found all strains of Acinetobacter haemolyticus 
to produce a positive egg yolk lipase reaction, and drew attention 
to the relationship which exists between haemolysis and lecithinase 
production in Acinetobacter; such a relationship is not surprising 
since phospholipids such as lecithin are a major component of both 
egg yolk and cell membranes. The NCTC strains of Acinetobacter 
haemolyticus and Acinetobacter conjunctivae used in this work were 
haemolytic to both sheep and horse erythrocytes, and produced 
opacity on human serum agar; by contrast all renal unit isolates of 
Acinetobacter, whether producing opacity on egg yolk emulsion agar 
or not, were haemolytic for horse erythrocytes but not for sheep 
erythrocytes. This would suggest that any relationship which exists 
between haemolysis and the production of lecithinase, is restricted 
to those isolates in which lecithinase production can be demonstrated 
on human serum agar.
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All dialysate isolates grew well on xylose-lysine- 
desoxycholate (XLD) agar, a feature they shared with A. anitratus 
but not A« lwoffi. Dialysate isolates generally resembled 
A. anitratus in exhibiting profuse overnight growth on a wide 
range of culture media, while resembling A. lwoffi*in their lack 
of biochemical activity. They differed from both control strains 
in yielding growth on agar at 7°C.
Urease production by Acinetobacter has in the past been the 
subject of controversy. Schaub and Hauber (1948) and Lemoigne et al. 
(1952) found all strains to produce urease, while Ferguson and 
Roberts (1950) and Stuart et al. (1949) found all strains to be 
negative. Henderson (1967) found 37 of 40 strains of Acinetobacter 
to produce urease when tested by the method of Elek (1946), and 
concluded that the difference in previous publication s were due to 
methods in which urease formation was suppressed by ammonium ions 
liberated from peptone based media. All dialysate isolates were 
tested for urease formation by the Elek method, but only two strains 
were found to be positive.
On Simmons citrate agar, dialysate isolates showed slow 
formation of dwarf colonies, quite unrelated to their growth on 
nutrient media. After one weeks incubation these colonies reached 
0.25 mm diameter, and were cohesive in texture, and adherent to the 
medium. Within this growth developed a few larger colonies, 2-3 mm 
diameter which were rough in texture and appearance, and deep blue 
in colour indicating utilisation of citrate. Fig. 19 shows a large 
colony of this type surrounded by dwarf colonies.
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Figure 19
The appearances of dialysate Acinetobacter isolates on Simmons 
citrate medium. Dwarf colonies appear first and reach 0.25 mm. 
diameter after one week’s incubation; during this time a few 
large colonies appear, reaching 2-3 mm diameter within one week. 
Only the large colonies show the deep blue indicator change which 
is usually taken to indicate utilisation of citrate.
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In order to investigate this unusual formof growth, 
duplicate viable counts were made on 4 dialysate isolates and a 
prototrophic strain of Acinetobacter known to grow well on 
citrate agar (STM 00, Warwick University), using both Simmons 
citrate agar and Columbia agar. Results are given in Table 56 
and show that the efficiency of plating on Simmons citrate agar 
to be reduced for both the prototroph and dialysate isolates.
Only the dialysate isolates showed colonial segregation on citrate 
agar to give 0 .0 0 1 -0 . 1  per cent, of large colonies within a dwarf 
population.
Serial subcultures on citrate medium were used to show 
that the segregation of colonies was not based upon the use of 
reserve nutrient; large colonies bred true with no dwarf forms; 
serial culture of dwarf colonies gave rise to dwarf forms with 
some large colonies between them, thus resembling the original 
cultures. When subcultured back onto nutrient media both large 
and dwarf colonies were identical.- There was found to be no 
relationship between colonial forms on citrate media and the 
production of lecithinase.
It was thought possible that segregation of colonies on 
citrate might be based upon biosynthetic abilities unrelated to 
citrate utilisation. Auxonographic tests on citrate agar using 
18 amino acid impregnated paper discs, showed all isolates to have 
a partial dependence upon proline. When proline impregnated filter 
paper discs were placed on the surface of Simmons citrate agar 
inoculated with dialysate isolates, dwarf colonies around the disc 
were larger and faster growing, but segregation into dwarf and
257
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large colonies was still readily seen. The speed of growth, and 
size of large colonies was unaffected, but the number of large 
colonies was greatest in the vicinity of the disc. It was con­
cluded that while the growth of dwarf colonies was stimulated by 
proline, segregation of dwarf and large colonies on citrate media 
was based upon a biochemical deficiency unrelated to proline 
metabolism. The presence of larger numbers of large colonies 
around proline discs was explained by the greater number of cells 
generated in dwarf colonies, from which large colony variants were 
given off at a standard frequency.
In a further attempt to elucidate the mechanism of growth of 
this group of organisms on citrate media, the following experiment 
was conducted. Simmons citrate medium was prepared in complete 
form, and in modified forms in which the citrate was omitted 
(Simmons base), and in which both citrate and indicator were omitted 
(Simmons mineral salts). Large and dwarf colonies of 5 separate 
isolates were subcultured on to these three media and on to Columbia 
agar. Table 57 records the colonial appearances on each of these 
media after one weeks incubation, the results being the same for 
all of the 5 isolates tested. All isolates formed minute colonies 
in. the .absence of. citrate, thus confirming the occult growth of 
Acinetobacter in Koser*s basal medium reported in an earlier section 
(Table 52") ,‘aTTire addition of brom-thymol blue indicator for form 
Simmons base stimulated the growth of these minute colonies to 
double the size, indicating the nutritional versatility of these 
isolates. The addition of citrate to form the complete Simmons 
medium was required to produce segregation of colonies into dwarf 
and large forms, and the dwarf colonies were larger in the presence 
of citrate than in its absence. From these results it was concluded
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that the segregation of colonies was a direct result of differing 
abilities to utilise citrate, rather than an all or nothing 
response in which dwarf forms were unable to utilise citrate 
completely.
Since dialysate isolates have been shown to utilise acetate 
(Table 52) such results indicate lack of an efficient citrate 
permease or citrate lyase system within dwarf colonies. The high 
frequency at which citrate utilising segregants develop from dwarf 
colonies (0 .0 0 1 -0 . 1  per cent.) suggests that such segregation is 
not based upon a mutagenic event, but upon derepression of an 
inherent genetic ability to utilise citrate.
Dissimilarities between dialysate isolates and the control 
strains of A. anitratus and A. lwoffi used, made it desirable to 
try to obtain unequivocal evidence that the former were members 
of the Acinetobacter genus. Juni (1972) has described iterspecific 
transformation studies in which DNA from 265 miscellaneous Acine­
tobacter isolates were all capable of transforming an auxotrophic 
strain to prototrophy; these results were accepted as genetic 
evidence that all of the isolates used were members of a single, 
widely distributed genus. In an attempt to obtain genetic evidence 
that dialysate isolates were members of the Acinetobacter genus, a 
method.in which an arginine requiring auxotroph supplied by 
Dr. $. B. Primrose, -is tran.sformed to prototrophy, was used.
Colonies from eighteen hour cultures of dialysate isolates,
A. anitratus, A. lwoffi, and the parent prototroph, were trans­
ferred to a sterile lysing solution containing sodium lauryl 
sulphate, and heated to 65°C. The resulting DNA containing cell 
lysates were then plated on the surface of a mineral salts-
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dextrose agar which had previously been inoculated with an 
eighteen hour culture of the auxotroph; both the cell lysates 
and auxotroph were also plated individually as controls. The 
appearance of growth only when the cell lysate and auxotroph 
were plated together was taken as evidence of transformation of 
the arginine gene. While transformation by the parent prototroph 
was readily demonstrated on all occasions, no transformation of the 
auxotroph by dialysate isolates, A. anitratus, or A. lwoffi was 
seen. The same experiment was repeated three times with the 
same result. Since the dialysate isolates were known to be 
partly dependant upon proline, the same experiments were conducted 
upon minimal media with added proline, in order to cover the 
possibility of co-transformation of pro" arg+ genes which would 
merely change the nature of auxotrophy without converting to 
prototrophy; with the exception of the prototroph no transformation 
was demonstrated. Because the prototroph was shown to grow profusely 
on Simmons citrate medium, the experiments were repeated on this 
medium, with the same results. Although dialysate isolates were 
not known to be competent in transformation, experiments were con­
ducted in which they were used as DNA recipients rather than donors, 
but no transformation was demonstrated. A modified technique 
(Juni, 1972) in which DNA containing lysates and auxotroph are 
first co-platfed'on nutrient media, and the resultant growth then 
plated on minimal media, was also used without success.
In all of the tests conducted, the prototroph transformed 
the auxotroph, but no other transformations were demonstrated.
No genetic evidence was therefore obtained of relationship between 
dialysate strains, A. anitratus, and A. lwoffi, and the auxotroph.
262'
This lack of genetic evidence does not provide 6 basis for 
assumption of non-identity since it is known (juni, 1978) that 
some auxotrophs are transformed poorly or not at all, by DNA 
from related Acinetobacters.
In a final attempt to subdivide the dialysate isolates, 
ten strains were tested by the API-ZYM test. This is a kit test 
in which cultures can simply be tested for enzymatic activity 
against 19 substrates. After incubation with the substrates, 
activity is demonstrated by addition of. a colour reagent, and 
the results compared against a colour chart supplied with the 
kit. The results are given in Table 58. All ten cultures tested' 
showed production of butyrate esterase, esterase lipase, leucine 
aminopeptidase, acid phosphatase, and phosphoamidase. Half of 
strains tested also showed weak activity of cystine aminopeptidase, 
although the colour reaction produced was too faint to be used with 
confidence for differential purposes. Humble et ql. (1977) in a 
trial of the API-ZYM test using various clinical isolates including 
3 strains of Acinetobacter, reported that esterase lipase and 
leucine aminopeptidase activity were common in non fermentative 
organisms, and that Acinetobacter strains usually had strong 
myristcLt^j lipase activity; the latter enzyme was not found in 
dialysate isolates tested.
From the results of many characterisation tests applied to 
Acinetobacter isolates, it was concluded that they represented an 
essentially homogenous group in which minor variations such as the 
production of lecithinase and weak cystine aminopeptidase activity,
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Enzyme Acinetobacter isolates
1 . Control
2 . Alkaline phosphatase - -
3. Butyrate esterase + +
4. Esterate lipase + +
5. Myristate lipase - -
6 . Leucine aminopeptidase + +
7. Valine aminopeptidase - -
8 . Cystine aminopeptidase - +
9. Trypsin - -
1 0 . Chromotrypsin - -
1 1 . Acid phosphatase + +
1 2 . Phosphoamidase + +
13. Alpha galactosidase - -
14. Beta galactosidase - -
15. Beta glucoronidase - -
16. Alpha glucosidase - -
17. Beta glucosidase -
18. Beta glucosaminidase - -
19. Alpha mannosidase - - >
2 0 . Alpha fucosidase - -
Number of isolates 5 5
Table 58
The results obtained when 10 dialysate isolates of 
Acinetobacter were characterised by the API ZYM test. 
Half of the strains tested show weak cystine amino­
peptidase activity, while the remaining results are 
identical.
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were insufficiently distinctive to suggest a different origin.
Even if a stable differential characteristic such as lecithinase 
production were assumed to form evidence of the existence of two 
separate strains, the epidemiological usefullness of such informatio 
is limited by the concomitant presence of both forms in all of the 
sampling sites used. The ability of Acinetobacter isolates to form 
visible colonies on agars having no readily identifiable carbon 
source, confirms the nutritional efficiency reported in the previous 
section of this chapter.
Characteristics of Pseudomonas isolates
The range of Pseudomonas species isolated from dialysates was. 
unremarkable, since all the species found have been well documented 
in many publications as inhabiting a wide range of aqueous systems 
within the hospital environment. Many isolates however, varied from 
classical descriptions of species in having aberrent characteristics 
motility and pigmentation were found to be particularly variable. 
When thought necessary, isolates having such aberrent character­
istics were identified by both traditional methods, and by use of 
the Oxi/Ferm Test.
The Oxi/Ferm test consists of a plastic tube divided into 
test compartments, in which the following tests may be carried 
out -after muJ.--y.pTe inoculation by means of an axial inoculum wire; 
O/F dextrose, arginine dihydrolase, production of indole,
and urease, and utilisation of xylose, dextrose and citrate. Some 
of these tests, particularly N2 production, frequently yielded weak 
or equivocal results, making interpretation difficult. The main
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value of the Oxi/Ferm test lay in the computer coded identification 
system which was provided with the tubes. In this system, the 
results of tests could be translated into a four digit identification 
number, or a ten digit binary value, both of which were indexed 
numerically against named species in the Identification Manual 
provided. Although test results with the Oxi/Ferm tubes were some­
times equivocal, it was possible to use the results of traditional 
test methods to form identification numbers when using the 
Identification Manual. In this manner it was possible to identify 
isolates having aberrent characteristics, by two distinct methods.
the repeated isolation of P %  paucimobilis from the waters 
used by home dialysis patients experiencing pyrexial problems, was 
of particular interest. Much of the work carried out on this 
organism was conducted before its identity had been established, 
and the failure of this species to grow and exhibit motility in 
media having salt concentrations between 0 .5-1.0 per cent is 
reported in s e c t i o n -  1* -
Holmes et al. (1977) reported that only 22 of 29 strains 
tested in nutrient broth showed motility, and even in these 
the proportion motile cells was small (approximately 5 per cent.).
Such a low proportion of motile cells within a motile species is 
unusual, and an attempt was made to determine the reason for this 
phenomenon. Three strains known to be motile were grown in CLED 
broth, and the same medium containing 0.5 per cent, and 1.0 per cent, 
sodium chloride. Phase contrast motility confirmed that these strains 
were motile only in the absence of salt, and that the number of motile 
cells in wet preparations was below 5 per cent. These cultures were
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then placed on grids for electron microscopy, having been shadowed 
with phosphotungstic acid. Fig. 20 shows an electron micrograph 
of a motile culture in which one of a pair of cells clearly shows 
a polar- flagellum. Prolonged searching of the grids of motile 
strains grown in the absence of salt, revealed that less than 
5 per cent of the cell population showed the presence of flagellae. 
By contrast, strains of Proteus mirabilis used as positive controls 
showed large numbers of flagellated cells, thus confirming that the 
results obtained with P .  paucimobilis were not an artifact due to 
bad technique. Culture of P^. paucimobilis in media containing 
salt yielded growth without motility with all three strains tested. 
Fig. 21 shows an electron micrograph of a culture grown in medium 
with 0.5 per cent, sodium chloride; prolonged searching of grids has 
failed to reveal any flagellated cells in cultures from salt 
containing media. A short extrusion is seen coming from the pole 
of one of the cells, and it was at first thought possible that 
this might be a vestigial flagellum produced in the presence of salt 
careful examination has shown that such extrusions are of quite 
different diameter to flagellae, and that such bodies can be seen 
under all three conditions of culture. In fact Fig. 20, shows a 
cell having both a flagellum and an extruded body.
It was concluded that the small percentage of motile cells 
seen in salt*free Cultures of P 7. paucimobilis is due to lack of 
flagellar formation rather than possession of inactive flagellae.
The absence of motility in cultures containing salt would seem to 
be due to the supression of flagellar formation, rather than 
function. Since even moderate concentrations of salt have been 
shown to inhibit growth of this species, the inability to form 
flagellae in the presence of salt is merely one aspect of a wider 
biosynthetic dysfunction associated with salt intolerance.
Figure 20
An electron micrograph ( X 60,000) of a motile strain of 
P . paucimobilis grown in CLED broth. One of the two cells 
shows both a polar flagellum and an unidentified extruded 
body.
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Figure 21
An electron micrograph ( X 80,000) of a motile strain of 
P . paucimobilis grown in CLED broth with 0.5 per cent sodium 
chloride. None of the cells in this preparation showed 
flagellae but a short extruded body of wider diameter is 
seen coming from one of the cells. All preparations show 
cells to have apparent inclusions; these have not been 
identified, but this species is known to accumulate poly­
hydroxy butyric acid inclusions.
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Characteristics of Enterobacteriaceae isolates
Differing systems of classification for the Klebsiella genus 
has caused confusion in the past, and continues to do so (Barr, 
1977). Current confusion centres largely around the American use 
of the term K. pneumoniae (Edwards and Ewing, 1972), to indicate 
organisms which in U.K. nomenclature may be referred to as 
K. pneumoniae, K. aerogenes, K. atlantae, K. edwgrdsii, or 
K. o.^ytoca, (Cowan, 1974). The widespread usage in this country 
of the API 20E system for the identification of enterobacteria, 
which uses American nomenclature, has served to focus attention on 
this confusion.
Of 116 Enterobacteriaceae isolates from the Brighton renal 
unit which were identified by the API 20E system, 89 were found 
to be K. pneumoniae. Since these tests, and other supplementary 
tests made by traditional methods, showed that almost all 89 
isolates were gluconate positive, indole positive, Voges-Proskauer 
positive, and dulcitol negative, it is clear that they were in fact 
K. pneumoniae (sensu lato) and did not correspond to the pneumo­
bacillus of Friedlander.
In an attempt to obtain information of epidemiological value, 
these 89 isolates were originally divided into 7 biotypes on the 
basis of.ga§.production, MR, VP, and urease production. Such 
divisions were not however of great value since they were based 
upon equivocal or late positive reactions which were not always 
reproduced upon retesting. Barr (1978) has drawn attention to the 
problems of reproducibility when biotyping Klebsiella c by both 
conventional tests and commercially available systems.
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Variation in test results due to differing methodologies was 
evidenced by the fact that all 89 isolates were indole negative 
when tested with Kovac*s reagent after overnight growth in tryptone 
water, but were uniformly indole positive when tested by the API 20E 
method. Conversely 87 of these isolates were uredse positive when 
tested in Christensens medium, but only one isolate was positive 
for urease by the API 20E method.
While investigating the reasons for lack of reproducibility 
in the speed of urease production by Klebsiella isolates it was 
discovered that the degree of aeration of the test container could 
influence the result obtained. Cultures incubated in loosely capped 
bottles tended to give a rapid p'ositive result, while the same 
cultures incubated in tightly capped bottles gave late positive or 
negative results.
Table 59 shows the results obtained when 40 isolates were 
suspended in distilled water to give an approximate cell density 
of 10^ per ml. and one drop of each suspension placed on 3 
Christensen urea slopes; one of these slopes was incubated with 
the cap loose, one with a tight cap, and one with the cap loose in 
an anaerobic jar. The isolates used for these tests included 
25 K. pneumoniae strains from clinical and environmental sources, 
and 5 clinical isolates each of Proteus mirabilis, Staphylococcus 
aureus, and Pseudomonas aeruginosa. In addition, dilutions of a 
commercially produced urease solution used for the clinical 
estimation of urea in serum (Boehringer Corp.) were also dropped 
on to the same medium. All slopes were examined after 1 , 2, and 
4 days incubation, and the number of days taken to obtain a positive 
result is indicated in superscript in the table.
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It can be seen from the table that with the exception of the 
Proteus isolates, the production or activity of urease is inhibited 
by a tight cap on the test container or by anaerobic incubation. 
Since the urease solution is also less active when air is excluded 
from the container it wouid seem probable that the negative results 
seen when air is excluded from bacterial cultures are due to lack 
of urease activity rather than lack of enzyme production. This 
hypothesis was supported in tests in which K. pneumoniae isolates 
were first grown on MacConkeys medium and in Christensens medium 
to provide the starting inoculum for the same test procedure.
Both inocula gave the same results although it might fairly be 
presumed that in cells taken from Christensens medium, the urease 
gene is likely to be in the induced state resulting in the presence 
of urease within the cell.
An exhaustive search of the microbiological, biochemical and 
enzvmological literature has-foiled to reveal any evidence regarding 
the effect of aeration on urease production or activity. It is 
probable that when Christensens medium was first described in 1946, 
most laboratories dispensed such media in test tubes plugged with 
cotton wool, and problems of adequate aeration would not have 
arisen. By contrast, many if not most laboratories, now use this 
medium dispensed in screw capped bottles, which may by excluding 
air, affect the result obtained. In the API 20E system the urea 
test cupule is overlaid with mineral oil in order to prevent the 
release of ammonia which might affect the pH of adjacent test 
cupules in the test kit. Not surprisingly the API 20E literature 
reports 64 per cent, of K. pneumoniae strains to be urea positive,
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while Edwards and Ewing (1972) report 94.5 per cent, of K. pneumoniae 
strains to be positive although the method used is not specified.
Barr (1978) reported 100 per cent, of K. pneumoniae strains to be 
positive for urease in a study in which Christensens medium was 
dispensed in open petri dishes containing small wells (Replidish, 
Sterilih Ltd.).
Due to the lack of reproducibility in the tests used for 
biotyping, 22 isolates of K. pneumoniae representing all of the 
now discarded biotypes were sent to Mrs. J. Palfreyman of the 
Coventry PHLS Laboratory, who had kindly agreed to examine a limited 
number of strains by capsular typing and a battery of tests used 
for biotyping; 2 1 of these isola'tes were from renal unit machines, 
while the remaining isolate-'? was recovered from soft water in the 
Brighton renal unit.
The results of these tests are given in Table 6 0 . Four distinct 
capsular types were found, of which type 2 1 was the commonest being 
represented by two biotypes. The remaining capsular types were 
8 , 23, and 26, each being represented by only a single biotype.
Two isolates were untypable by the method of counter current 
immunoelectrophoresis used.
No significant correlation was noted between the capsule 
•types and sites from which the isolates were recovered, although 
the sample size used was too small for firm conclusions to be 
drawn from this. It was however significant that the isolate from 
soft water belonged to type 26, as did isolates from topping up 
tanks and machine tanks and compartments; it therefore seems 
reasonable to postulate a water borne origin of at least some of
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K. pneumoniae isolates found in renal unit equipment. Capsule 
type 2 1 was also found in topping up tanks and machine tanks and 
compartments.
The results of biotyping tests made at Coventry were at 
some variance with the results of tests carried out in Brighton.
Some isolates found to be anaerogenic in Brighton were aerogenic 
when tested at Coventry; in addition, some isolates found to be 
urease negative and indole positive when tested by the API 20E 
system in Brighton, were urease positive and indole negative in 
the tests used at Coventry.
In view of the widespread distribution of all K. pneumoniae 
serotypes in nature, and the lack of reproducibility experienced 
when attempting to biotype this species, it was felt unlikely that 
serological examination of a small number of strains from the 
Brighton unit, was sufficient to yield information of epidemiological 
value. Brown and Seidler (1973), working in the U.S.A. recovered 
K. pneumoniae from all seed samples, and 50 per cent, of vegetable 
products examined, and found capsular types 21, 23 and 26, among 
their isolates. Matsen et al. (1974) recovered 60 different 
capsular serotypes of K. pneumoniae from natural water courses in 
the U.S.A., including types 8 , 21 and 26. Duncan and Razzell (1972) 
recovered K. pneumoniae from water, soil, timber and a wide variety 
of vegetable products., tested in Canada, although capsular serotypes 
are not recorded. Although the animal gut represents the natural 
habitat of many species within the Enterobacteriaceae, the ubiquity 
of K. pneumoniae which is often found at high cell densities in sites 
having no obvious relationship to the animal intestine, makes it 
seem possible that this species might use a quite different ecological 
niche as a primary habitat.
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There would seem to be no good reason to suggest that the 
serotypes of K. pneumoniae found in the Brighton collection have 
any specific association with renal units. At the Coventry 
laboratory where serotyping was carried out, type 2 1 represents 
2 0  per cent, of random isolates sent for testing,-although 
types 23 and 26 are rather unusual and represent less than 2 per cent, 
of random isolates. Casewell and Jalsania (1979) reporting on 
357 isolates sent for testing from 20 hospitals, found type 21 to 
represent 42 per cent, of random isolates, being present in 
samples from 14 of 20 hospitals, while type 8 represented 4 per cent, 
of random isolates; these workers conclude that certain serotypes 
which are common in hospitals may have unrecognised biological 
advantages which enable them to colonise this environment.
Casewell and Phillips (1978) reporting a study based on the 
Intensive Care Unit at St. Thomas' Hospital, London, found 6 8 per 
cent, of the nasogastric feeds given to patients, to be grossly 
contaminated with Klebsiella species belonging to 14 different 
serotypes including types 26; a wide variety of serotypes including 
types 8 and, 2 1 were also recovered from other environmental samples 
ana the faeces of patients. The fact that patients known to have 
been fed with one serotype of Klebsiella, frequently became 
colonised with a different serotype suggested that there was 
considerable-interchange of serotypes between patients; Casewell 
and Phillips (1977) have .shown that such organisms may be trans­
ferred on the hands of staff working in the unit.
It would seem that the distribution of Klebsiella serotypes 
in nature is a complex problem in microbial ecology. For reasons
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that are far from clear, certain serotypes tend to predominate 
in the hospital environment, and serological examination of a 
limited number of renal unit isolates suggests that the capsular 
types present in this situation are representative of the hospital 
environment generally, and that their epidemiological and clinical 
significance should be interpreted in this light.
In order to confirm the continuing residence of K. pneumoniae 
in renal unit machines, lactose fermenting strains of Enterobacteriaceae 
isolates from machine compartments in 1977 and 1978 were identified 
by the API 20E system. Table 61 shows the results of these tests.
K. pneumoniae and E. cloacae are seen to be present in all three 
periods of testing, being present in approximately the same 
relative proportions. C. freundii which was present in small 
numbers in 1974, was not found at all when the sample sizes were 
smaller in 1977 and 1978. E. coli which represented less than 
2 per cent, of lactose fermenting isolates in 1974, represented 
10 per cent, of isolates in 1977, and 26 per cent, in 1978. This 
higher proportion of E. coli isolates might be associated with the 
higher standard of machine hygiene found in these later years 
( T a b l e 7 5 )  which resulted in lower numbers of competing species being 
present. All E. coli isolates were tested by the Eijkmann technique 
and found to be negative, and are therefore presumed to be of non 
faecal origin.
h. The incidence of pathogenic bacteria in dialysate
Work carried out for this thesis has involved the bacteriological, 
examination of over one thousand dialysate samples. This work, and 
the published observations of others (Table 4), shows that dialysates 
are likely to be colonised by a circumscribed range of bacteria, 
mainly Gram negative bacilli, including Pseudomonas, Acinetobacter,
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and K. pneumoniae, sensu lato (not the pneumobacillus of Friedlander). 
Such organisms are best described as ‘opportunist pathogens', having 
a low pathogenic potential for normal subjects, whilst occasionally 
causing* serious disease in immunodeficient patients.
The commonest infections seen in haemodialysed patients are 
due to pyogenic cocci, notably Staphylococcus aureus of autogenous 
origin, which infect shunt sites and arterio-venous fistulae 
(Martin et al. 1968). S ince no pyogenic cocci had been isolated 
from any of the dialysates examined, it seemed unlikely that such 
organisms were capable of growth in dialysate. In order to confirm 
this, 78 strains of Staph, aureus and 22 strains of Streptococcus 
pyogenes (Lancefields group A) were inoculated on fresh dialysate 
agar; no growth was obtained after one weeks incubation. Two strains 
of M. afermentans isolated from dialysate which were used as controls, 
showed tiny colonies which formed after three days incubation.
It remained possible that while pyogenic cocci were incapable 
of independent growth in dialysate, they might be capable of syn- 
trophic growth by utilisation of exogenous nutrients released by 
other species growing in the same dialysate. In order to test 
thjs possibility, the same 1 0 0 pyogenic cocci were streak inoculated 
at right angles to 40 dialysate isolates including Acinetobacter, 
Pseudomonas and K. pneumoniae. The experiment gave 400 opportunities 
for Cross feeding to-occur, not all possible combinations being 
used. After one weeks incubation plates were examined, but no 
evidence of cross feeding was found. Two M. afermentans strains 
used as controls showed feeble growth as in the previous experiment, 
but showed no evidence of cross feeding.
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In order to determine the occurrence of well recognised 
pathogens in dialysates, 50 samples sent to Brighton in the 
national survey were inoculated into enrichment media for 
Salmonella and Strept. pyogenes; the same media were also used 
for further 50 dialysate samples from the Brighton unit. These 
two bacteria were selected to provide evidence of human con­
tamination originating from the alimentary and respiratory flora. 
After incubation, enrichment cultures were subcultured on to 
desoxycholate agar and blood agar plates respectively, and incubated. 
No Salmonella or Strept. pyogenes were isolated from any samples of 
dialysate.
It was concluded that while dialysate might become contaminated 
by bacteria having a well recognised pathogenic potential, under 
acceptable conditions of haemodialysis practice this is likely to 
happen only infrequently. Moreover, since pathogenic species 
appear to be incapable of .growth in dialysate, such contamination 
is likely to be transient due to theirremoval by the continuous flow 
nature of haemodialysis.
The results obtained in these studies indicate that any 
assessment of the microbiological hazards of dialysate contamination, 
should be based primarily upon those species which have been shown 
to be capable of proliferation in dialysate.
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The working practices and equipment used in the Brighton R.D.U.
a* The Brighton R.D.U.
In'order to obtain a meaningful interpretation of the 
results of laboratory investigations on renal unit samples, it 
was necessary to correlate them with detailed studies of the 
working practices used in the renal dialysis unit/ for this 
reason many visits were made to the unit, not only to obtain 
samples, but to observe the staff at work, and the manner in 
which equipment was used. The results of these observations are 
summarised below.
The unit was originally situated in a ward within the main 
hospital block but moved into separate premises within the grounds 
in 1976.
It is a medium sized unit having 12 beds for hospital 
haemodialysis, and facilities to serve 20-30 home dialysis 
patients. Apart from the main treatment ward it includes cubicles 
for isolation and home dialysis training, workshops for the repair 
and maintenance of machines, storage space for the large amount 
of disposable equipment used, clerical and administration rooms, 
a changing room and toilets, a kitchen, and an exterior plant 
house for the water treatment installations.
. There were some variations in the staffing of the unit 
over the period of study, but staffing usually included 2 con­
sultant medical staff who were effectively part-time since they 
also had duties in general medicine, 6 state registered nurses 
who carried out dialysis treatment with the assistance of 6  
artificial kidney assistants (AKAs) who were trained in this work 
but who had no formal medical or nursing qualifications; the
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nursing staff were also responsible for the general super­
vision of dialysis patients who treated themselves at home.
There were 3 medical physics technicians who were responsible 
for the maintenance and repair of kidney machines and water 
treatment plant. Running of the unit also required the occasional 
services of the staff of other support departments within the 
hospital.
The working hours of the unit varied being dependent upon 
a changing workload which was affected by many factors; such 
factors included various medical emergencies, the number of 
patients waiting to be admitted to the haemodialysis programme, 
and the number of successful kidney transplants performed. At 
the end of the study the duration of individual treatment periods 
was somewhat shorter than when it started, and the volume of 
dialysate used for each treatment was less; such changes reflected 
changes of medical opinion on the optimal conditions for haemo­
dialysis, and have been seen in most haemodialysis units. In order 
to cope with unforseen emergencies among home dialysis and trans­
planted patients, it was usually necessary for the hospital unit 
to retain some degree of surplus working capacity in terms of bed 
occupation and machine use.
Except for emergency situations, haemodialysis was normally 
carried ouVduring the day from Monday to Saturday, although 
evening shifts were used for the treatment of patients who worked 
during the day. This meant that the periods between machine use 
varied from one hour (when machines were used on early and late 
shifts) to three days (when machines were left unused from Friday 
afternoons to Monday morning); this variation in the inter-use 
period was important when interpreting the results of bacterial
counts on samples taken from machines.
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b. The Travenol recirculating single pass (R.S.P.) machine
Since the mid 1960s the equipment used for haemodialysis 
in the U.K. was subject to much research and development, most 
of which was conducted by the Atomic Weapons Research Establish­
ment (AWRE) at Aldermaston on a contract research basis from the 
Ministry of Health and the D.H.S.S. (Whelpton, 1975). The end 
product of this work was a selection of haemodialysis machines 
having proportionating pumps and a pasteurising facility for the 
preparation of dialysate; such machines were in common use in 
almost all renal units un the U.K. The Brighton renal unit was 
exceptional in continuing to use a single type of machine which 
was of an early design and still contained a tank for the batch 
preparation of dialysate. The continued use of a single type of 
machine over the period of study simplified interpretation of 
results, but to some extent restricted the usefulness of such 
results to the Brighton unit. The Brighton unit was also
exceptional in using only coil dialysers, and in restricting
dialysers to a single use, rather than attempting to re-use them.
While batch preparation machines such as the R.S.P. machine 
used at Brighton have well recognised advantages such as simplicity 
and economy (Gutch and Stoner, 1975), they are labour intensive 
and subject.to human error in the preparation of dialysate.
* ' Figure 7 shows an -R.S.P. machine in use in the Brighton
unit. The fluid circuit of the R.S.P. machine may be followed 
by reference to Figure 22 which shows a functional diagram.
Before the machine was used the dialysate was prepared in 
the dialysate tank (A) by adding four litres of dialysate con­
centrate and topping up to the 1 2 0 litre mark with water; the 
delivery pump (B) was then switched on to mix the contents of 
the tank, although in practice it was found necessary to assist 
this process manually by use of a large plastic paddle. It was 
necessary to check the concentration of the dialysate by measure­
ment of conductivity and freezing point, before it was used for 
treatment.
The rate of flow of dialysate through the dialyser was con­
trolled by a needle valve and flowmeter (C). After leaving the 
flowmeter the dialysate passed to the recirculating pump (D) 
which pumped it through a heater-thermostat unit (E) into the 
dialysing compartment (F) which housed the coil dialyser. After 
being pumped through the dialyser, half of the dialysate ran to 
waste (G) while the remainder passed through the base of the 
dialysing compartment (H) and back to the recirculating pump.
Thus when the flowmeter was set to deliver 250 ml. per minute to 
the recirculating pump, 500 ml per minute passed over the dialyser 
the fluid circuit within the dialyser may be seen in Figure 6 .
The direction of fluid flow was controlled by a series ofone-way 
ball valves within the system.
After use the machine was drained by means of a drain pump 
(K) and a solenoid operated diverter valve which by passed the 
flow from the recirculating pump to drain (j). All three pumps 
were of the centrifugal type and operated efficiently only when 
primed with fluid; for this reason the machine contained much 
residual fluid after being pumped to drain. This residual fluid 
could be removed by means of a drain plug (l ) but this was only 
used for the .purposes of repair and maintenance.
LFigure 22
The fluid circuit within the R.S.P. machine. A 120 litre 
batch of dialysate is prepared within the tank (a ) and con­
tinuously mixed by the delivery pump (B). During use a 
dialysing coil is placed in the dialysing compartment (F).
Dialysate is pumped through the coil via the needle valve and 
flowmeter (C), the recirculation pump (D), and the heater thermo­
stat unit (E). Half of the effluent dialysate from the coil 
returns to the circulation via a tube in the base of the compartment 
(H) while half runs to drain (G an d j). After use the machine is 
emptied by a drainage pump (k ) or by a drainage valve (l_).
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The manufacturers recommended that the machines were 
treated with disinfectant between uses but did not specify 
the method to be used; in various manuals they suggested the 
use of 1:3,000 benzalkonium chloride or 1:5,000 chlorhexidine 
gluconate (Hibitane) both of which could be left in the machine 
between uses, or an aqueous hypochlorite solution containing 
1 0 0 p.p.m. of available chlorine which could be used only for 
short periods of time due to its corrosive action on metal 
components. During the period of this study (1974-78) hypo­
chlorite solutions containing 1 0 0 - 2 0 0  p.p.m. of available 
chlorine were used far disinfecting all machines; this solution 
was circulated in the machine for 30 minutes, and the machine 
then drained and rinsed twice with water, being left in the 
drained state until the next use.
When samples were taken from machines it was necessary to 
obtain details of the state of preparation or usage of the 
machine concerned. When machines were sampled while in use, 
dialysate samples were obtained from the machine tanks or 
dialysing compartments. When machines were not in use, it was 
possible by means of probes to recover samples of residual 
rinsing water from the recirculation system and the drainage 
tubing below the dialysate tank.
c. Experimental work with a laboratory based R.S.P. machine
An R.S.P. machine was obtained and installed in the laboratory 
in order to obtain samples under more carefully controlled con­
ditions than was possible with ward based machines.
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In order to simulate normal conditions of use, the machine 
was used on Monday, Wednesday and Friday, of each week, being 
disinfected and rinsed after each use; such a routine would be 
found in a home dialysis unit or a renal ward with a light 
workload. For each period of simulated dialysis, 120 litres of 
dialysate were prepared and the machine run at a flow rate of 
250 ml. per minute for approximately six hours. During each 
use, samples were taken from tank and compartment at two hourly 
intervals, and the temperature of the tank and compartment were 
recorded.
The effect of temperature and nitrogenous waste on
viable counts
In the first week the machine was run with the heater 
switched off; in the second week the heater was switched on to 
bring the temperature of the dialysing compartment up to 37°C; 
in the third week the heater was switched on, and sterilised 
pooled human urine was dripped into the compartment to simulate 
nitrogenous waste from the patient. The urea concentrations 
in 2 0 machine compartments had previously been shown to have a 
mean level of 31.6 mgs per cent in the first hour of use, and 
2 0 . 8  mgs per cent in the last hour of use; subsequent work had 
shown that.the addition of 2.5 ml. (75 drops/minute from a 
30 drop/ml. pasteur pipette) of pooled urine per minute gave 
levels of urea in compartment dialysate of 24-27 mgs per cent.
This three week experiment was expected to yield information 
on the effect of temperature and nitrogenous waste on the bacterial 
counts of dialysate. The experiment differed from normal dialysis 
in having a static urea concentration during the third week, and
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in the absence of a dialysing coil in the compartment during 
all three weeks.
Table 62 shows the temperature recordings made over the 
three week period of study. Freshly prepared tank dialysate 
had a mean temperature of 16.5°C which corresponded to the 
temperature of the freshly drawn soft water used to prepare it; 
during the six hour periods of use the mean tank temperature 
rose to 2l.8°C/ due partly to the higher room temperature and 
partly to the heat generated by the delivery pump which con­
tinuously circulated the tank contents.
In week 1 when the heater was switched off, the temperature 
of the compartment dialysate was 17.8°C at the commencement of 
use but rose to 26.6°C at the end of use; since the final tem­
perature was above the mean room temperature it indicated a 
heat gain from the delivery pump and recirculation pump.
In weeks 2 and 3 when the heater was switched on, the tem­
perature of the compartment dialysate rose to 37°C in 10-15 
minutes and remained at this level until the machine was switched 
off.
Table 63 shows the viable counts of tank and compartment 
dialysate samples taken at the end of nine periods of simulated 
machine use. As was to be expected the mean counts of tank 
dialysate samples over the three week period were very similar. 
The mean counts of compartment dialysate sampled in weeks 1 and 
2 were very similar suggesting that switching on the heater in 
week two had little effect on the viable count; by contrast the 
mean count of samples taken from the machine in week 3 when urine 
was added to the compartment, showed a significant rise.
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It was concluded that in the six hour periods of use studied, 
nitrogenous waste (urine) had a greater effect on bacterial 
growth within the machine compartment, than temperature.
Table 6 3  also shows the mean viable counts obtained on 
three days of the week; these show that use of thje machine on 
Mondays was associated with higher levels of bacterial con­
tamination than similar use on Wednesdays or Fridays. This was 
presumably due to the longer period of standing between uses.
The effect of a dialysing coil on viable counts
The laboratory based machine was used for 6 simulated 
dialyses in two weeks, as for previous experiments. A dialysing 
coil was added to the compartment on alternate uses, in order to 
determine the effect of the vastly increased surface area to 
which bacteria might adhere. In all cases the machine was run 
at 37°C, but without the addition of nitrogenous waste.
EX 29 disposable dialysing coils (Extracorporeal Medical
Specialities Inc., U.S.A.) having a membrane surface area of 
21.4 m were used for this experiment, being obtained from the
renal unit after use since their high cost prohibited the use of
new coils. For re-use, coils were washed through with running 
water and filled with 1 per cent formalin, (0.4 per cent form­
aldehyde). When required, the coil was rinsed by running water
through the interior of .the coil for 1 hour at which time the
effluent showed no evidence of formaldehyde when tested with 
Schiff*s reagent.
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Table 64 shows the viable counts obtained from compartment 
samples taken at the end of six hour periods of simulated dialysis. 
The mean count of samples taken from compartments without a coil 
was 1,816 c.f.u. per ml., but rose to 8,616 c.f.u. per ml. when 
the coil was added.
The presence of the coil therefore seemed to cause a 
distinct rise in the bacterial count, but one which was less than 
the effect of adding nitrogenous waste (Table 63). The high 
counts seen in compartment dialysate during normal ward usage 
would seem to be related mainly to the presence of nitrogenous 
waste and the dialysing coil, and not to the temperature used for 
dialysis. . ■ '
Investigation of dialysate flow in the R.S.P. machine
Bacterial counts of dialysate taken from the tanks and 
compartments of R.S.P. machines while in use, have always shown 
the compartment fluid to have a higher viable count, the machine 
thus resembling a two stage continuous culture system. Since 
feedback processes are an important feature of the ecology of 
such systems, it was decided to demonstrate the possible presence 
of feedback in the R.S.P. machine. The following series of 
experiments were conducted in order to determine whether the 
contents of the compartment, containing nitrogenous waste could 
be transmitted against the flow of dialysate, to the tank.
1. Four litres of 10 per cent potassium chloride
were placed in the compartment and the tank primed with 
ten litres of distilled water. The machine circulation 
including the recirculating pump was switched on at a 
flow rate of 1 0 0 ml. per minute; this was a slower flow
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to maximise the possibility of reverse flow in the 
machine. The contents of the tank were then sampled 
at five minute intervals for one hour and the samples 
examined for the presence of K+ ion using an IXL 
flame photometer having a sensitivity of not less than 
1.0 mg. per 100 ml. Since the experiment involved an 
ever decreasing concentration of potassium in the 
compartment and a decreasing volume of water in the 
tank it is not possible to set a-precise figure for 
the sensitivity of the experiment. It was shown that a 
1 :1 0 , 0 0 0  dilution of compartment fluid was detectable 
by the instrument used and it can be assumed that back 
flow of 1-10 mL of fluid during the experiment would 
have been detected.
Thirteen samples of tank water were examined 
and none showed detectable concentrations of potassium.
2. The compartment was primed with 100 ml. of 1 
per cent sodium fluorescein, and the tank with 1 0 litres 
of distilled water. The machine was run and sampled as 
in the previous experiment. Samples were held under 
ultra-violet light and examined for fluorescence which 
had been shown to occur at dye dilutions greater than
1 part per million. No fluorescence was seen in any of 
the tank samples examined.
3. A pigment producing strain of Serratia marcescens
was grown in nutrient broth for 48 hours at which time it
8
was shown to have a cell density of 6 *S x 1 0 c.f.u. per 
ml. 1 0 0 ml. of this culture was added to the compartment 
and the tank primed with 1 0  litres of water.
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contamination of the contents via aerial droplets.
The machine was run and sampled as in the previous 
two experiments. Samples were centrifuged in 15 ml. 
tubes at 1,500 G for 15 minutes, and deposits of 
0.1 ml. plated on nutrient agar. Contaminated control 
water containing a 1 in 1 million dilution of the 
culture showed recovery of pigmented colonies. None 
of the tank samples tested yielded pigmented colonies.
The results of all three experiments indicated that the
flow of dialysate in the R.S.P. machine is unidirectional from
tank to compartment, and that the presence of a recirculating
system below the compartment does not lead to reversal of flow
even at low delivery rates from the tank. It is therefore un­
likely that the bacterial flora of the tank is influenced by the 
flora of the compartment.
d. Investigation of plumbing joints in the R.S.P. machine
The components used for dialysate circulation in the R.S.P. 
machine are connected by plastic hoses held at each end by 
Jubilee clips; there are some 35 connections of this type in 
each machine. Studies of flat bed dialysers (Jones etal., 1970) 
have shown that bacteria colonising capillary spaces under gaskets 
are not destroyed when dialysers are disinfected with formaldehyde, 
and can enter the circulation when the dialyser is subsequently 
used. Since the capillary spaces present in the joints of the 
R.S.P. machine are somewhat similar, it seemed pertinent to 
investigate the possible colonisation of these joints after routine 
disinfection and rinsing.
296
m a l e  c o n n e c t o r
///
p l a s t i c  h o s e
J u b i l e e  c l ip
Figure 23 !
The method used to sample the spaces left between plastic 
hoses and R.S.P. machine components. The outside of the hose 
is sterilised, it is cut longitudinally, and everted to reveal 
the sampling space.
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24
Figure 24 —
The locations of the sampling points referred to in Table 65 # 
When examined after normal machine disinfection and rinsing, 
15 of these yielded bacterial growth.
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Figure 25
The recirculating pump from the laboratory based R.S.P. 
machine. The pump housing has been removed to reveal the 
impeller blade with the rubber lip seal below. This is 
the site from which sample 26, Table 65 was taken.
The laboratory based machine was disinfected and rinsed 
in the usual manner, and the machine was immediately dismantled, 
starting with the joints in the lowest part of the machine and 
working upwards. At each stage the joint was sampled as 
described below, a total of 25 samples being taken over a period 
of 5 hours; even with a sacrificial technique which involved 
destruction of the machine in order to make the joints accessible for 
sampling, it was not possible to examine all joints in the machine.
At each point, the outside of the hose was sterilised with 
1 0 per cent formalin and dried with sterile cotton wool; the 
hose was then cut through at 1 - 2  inches below the joint, and 
the remainder of the hose cut longitudinally up to the Jubilee 
clip with a sterile scalpel; the hose was then everted as seen 
in Fig. 23 and the space between the male and female components 
sampled with a loop. The sites sampled in this manner are shown 
in Fig. 24.
In addition, the recirculating motor pump unit, (Gorman- 
Rupp Industries Inc., Beliville, Ohio) was dismantled aseptically 
and a sample taken from below the rubber lip seal which lies 
under the impeller blade; this seal is intended to prevent 
passage of dialysate from the pumping space to the motor unit, 
via the spindle. (Figure 25).
In almost all cases the sampling site appeared to be moist, 
and samples taken with a sterile loop were plated on to MacConkey 
agar, Columbia agar, CLED agar, and Sabourauds dextrose agar.
The technique was deliberately insensitive in order to avoid 
false positive findings, and could have been made more sensitive 
by wet swabbing or saline washing if required. In fact all 
positive cultures showed profuse growth, and minimal contamination 
due to sampling error did not present the problem which had been 
anticipated.
Results are given in Table 65. 15/26 samples showed
bacterial growth of which Pseudomonas aeruginosa was the commonest 
species, four other species of Pseudomonas also being found. 
Enterobacter cloacae was found in the pump and in one joint, both 
of which form part of the recirculating area of the machine in 
which lactose fermenting species are commonly found. No. 
Acinetobacter, Klebsiella pneumoniae, or fungi were found in any 
of the samples.
The results indicate that the joints used in the R.S.P. 
machine are likely to become colonised with bacteria, and that 
colonising bacteria can resist the effects of the disinfecting 
process normally used. When machines are manufactured or serviced, 
the joints when made are prepared with silicone rubber jointing 
compound, and it is likely that such joints are most satisfactory 
when-freshly made. The machine used for this experiment was of 
necessity old, and had only minimal servicing in the last three 
years. It therefore seems likely that the number of colonised 
joints might be in excess of those found when a newer machine is 
examined.
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i
l
i
a
Ps. 
putida
Ps. 
cep
acia
Ent. 
cloacae
1 + + + _
2 + + — + ' — — _
3 _
4 _
5 _
6 _
7 - —
8 -
9 + + — + _ _ _
1 0 ■+ +
1 1 + + — _ _ _ _
1 2 -
13 + + + — — _ —
14 —
15 + +
16 + + — - — — — —
17 + +
18 -
19 + + . — -  • - - -
2 0 + ' - - + r f - -
2 1 + - + -  ■ - - +
2 2 + + - - - -
23 + + + — — + _
24 —
25 -
26 + + - -  j ■ - +
26 Totals 15 13 3 5 1 1 2
Table 65
The results of culturing 25 joint spaces and the recirculating 
pump of an R.S.P. machine after disinfection with hypochlorite 
and two rinses with soft water. The locations of the sampling 
sites are shown in Figure 24.
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d. Ward based studies of the R.S.P. machine; 1974-78
Random samples of dialysate from R.S.P. machines taken 
prior to 1974 showed a wide quantitative variation in the 
bacterial flora present, the reasons for which could not be 
explained. In order to determine the factors responsible for 
such variation it was decided to subject a single machine within 
the ward to a one week period of intensive study. During the 
chosen period, samples would be taken from the machine during 
its use and in the intervening periods of inactivity; at the 
same time a record would be kept of the working practices 
associated with the machine. At no time was any attempt made 
to interfere with the use of the machine either by giving advice 
or by using sampling methods which might alter the bacterial 
ecology involved; the latter point was important since when 
sampling tanks of fluid, no attempt was made to mix the contents 
except where this occurred during normal usage. After each 
period of study the findings were reported to the ward sister, 
and suggestions made in order to improve machine hygiene.
It was hoped that such a period of study would help to 
explain the variations found in random samples, and to correlate 
such variations with the structure and usage of the machines, 
as well as the working practices in the ward. By repeating 
such studies at suitable intervals of time, it might also be 
possible to monitor the standards of machine hygiene over a 
prolonged period.
The results which follow are summarised from five such 
periods of study, each made in the Spring, during the years 
1974-78. It was not possible for reasons of availability and
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accessibility, to use the same machine each year, and five 
machines were used in all. Approximately 100 samples were 
taken each year, most being taken from a single machine, but 
some being taken from other machines in order to ensure that 
the chosen machine was representative of the whole. A total of 
501 samples were taken and all were tested by the pour plate 
technique and by differential plating.
In addition to providing quantitative and qualitative 
data on the bacteriological flora, the same samples were used 
for concomitant studies of sampling methods, counting methods, 
disinfection routines, endotoxin levels, and for the compilation 
o.f a collection of bacterial species contaminating the machines.
Soft water samples and distribution hoses used
Two significant changes took place in the soft water usage 
of the Brighton unit during the 1974-78 period. Firstly the 
small capacity Culligan domestic water softener which served the 
old ward during 1974-76, was replaced by a large capacity 
industrial softener (Permutit, model BYZ.28) when the unit 
moved into new premises. Secondly, the plastic and rubber hoses 
connected as a push fit on tapered taps in the old unit, were 
replaced by plastic hoses attached by metal connectors to threaded 
taps, in the new premises. When dialysis machines were disinfected 
in the old premises, the water hose serving the machine was 
disconnected and placed in the machine tank for simultaneous 
disinfection; in the new premises, the staff had difficulty in 
removing and replacing the threaded connectors, and the practice 
of routinely disinfecting water hoses was slowly abandoned.
The type of hose used may be seen in Figure 11.
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Soft water samples taken during 1974-75 were therefore 
from a softener working at near maximal capacity, and were run 
off through hoses which were regularly disinfected; by contrast 
samples from 1976-78 were from a softener working below maximal 
capacity, having been run. off through hoses that were seldom, 
if ever, disinfected. It therefore seemed possible that the 
soft water used in the old premises was of better microbiological 
quality than water in the new premises; paradoxically, since the 
ample supply of soft water in the new premises avoided the 
necessity for storage of dialysate, the dialysate prepared from 
less acceptable water, was likely to be of better quality at the 
actual time of use.
Table 6 6 shows the mean bacterial counts of soft waters 
sampled between 1974-78, which were in fact highest during 1977-78 
when the practice of routinely disinfecting hoses had been 
entirely abandoned. In 1978 samples were duplicated, being taken 
before and after running off 1 2 0 litres of water; results show 
that the viable bacterial count of water sampled when starting 
to fill a tank, was approximately ten times higher than the count 
of water sampled when the tank was full. Such variations exemplify 
the difficulties encountered when attempting to evaluate the 
results of random samples, and provide the reason for more intensive 
study.
Table 67 shows the' results obtained by swabbing 11 soft 
water hoses during 1977. Sporadic samples of soft water had 
shown a complete absence of viable bacteria, and the possibility 
of fungal colonisation of the hoses, inhibitory to bacterial 
growth, was considered. Swabs were taken by removing hoses from
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taps and swabbing the lumen of each end to a depth of five inches; 
swabs were then placed in 1 0 ml. of the residual water contained 
within the hose, well shaken, and the water plated on Columbia 
agar, MacConkey agar, and Sabouraud's dextrose agar.
Results show that 9/ll hoses were contaminated with fungi, 
and that all hoses were contaminated with bacteria; in all cases 
the predominant fungi were Cladosporium species while in lO/ll 
cases the predominant bacteria were Acinetobacter species. Colony 
counts on cultures showed no correlation between the degree of 
bacterial and fungal contamination within hoses.
In a continuation of this experiment, fungal colonies 
were grown for one week on Columbia agar, and bacteria isolated 
from water and dialysate were then inoculated at right angles to 
the fungal growth on the same plates. In no case did fungal 
growth inhibit the growth of bacteria on the same plate.
It should perhaps be noted at this point that Pseudomonas 
paucimobilis, which is now known to colonise water tubing, fails 
to grow on any of the media used for this experiment, and would 
therefore be overlooked.
'Topping up* tanks
During the first two years of the study, the Brighton renal 
dialysis unit was situated in an old converted ward in the main 
hospital, and soft water for dialysis was provided by a small 
Culligan domestic water softener in a side room. Since this 
softener was of small capacity and needed frequent regeneration 
at times which sometimes coincided with use of the machines,
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reserve supplies of dialysate were prepared and stored in 
mobile dialysate tanks referred to as topping up tanks.
These tanks were said to be disinfected with hypochlorite, 
but observation showed that this was done only at infrequent 
intervals. A topping up tank is shown in Figure 26.
Three topping up tanks were in use during 1974-75, serving 
a ward having eleven haemodialysis machines. On any given day, 
such a tank might be used to prepare dialysate for several 
machines, the dialysate being transferred to the machine when 
it had passed quality control checks for salt concentration. 
Dialysate was also stored in these tanks for periods up to three 
days, and used for 'topping up' the dialysate tanks of patients 
undergoing prolonged periods of treatment; it was in fact for 
this purpose that the manufacturers supplied such tanks.
Table 6 8 shows the results of samples obtained from topping 
up tanks during the study. Empty tanks were sampled by aspirating 
residual fluid, probably dialysate, from the pump housing below 
the tank which had a capacity of 250-500 ml. depending upon the 
ability of the pump to function in an unprimed state. Full 
dialysate tanks were sampled when lying unused in the ward during 
the day; the contents of such tanks might be used to fill machines, 
to top them up, or might be discarded at the end of the working 
day. Dialysate prepared in topping up tanks was sampled when 
t.he. contents were to be transferred to a machine under study, and 
the age of the fluid was thus known.
Figure 26
A topping up tank used in the Brighton Renal Dialysis Unit.
These tanks are sold by the manufacturers (Travenol Laboratories) 
as mobile dialysate tanks, but are more commonly known as topping 
up tanks. A centrifugal pump in the base of the tank may be used 
to mix the contents or to deliver them to the dialysate tanks of 
the R.S.P. machines; since such pumps only work well when primed 
with fluid residual fluid is always left behind after pumping 
out the tank.
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Disinfection of R.S.P. Machines
The R.S.P. dialysis machines were disinfected routinely 
after each use during the entire four year period of study.
This was done by filling the dialysate tank with a hypochlorite 
solution having 1 0 0 - 2 0 0  p.p.m. available chlorine, circulating 
it through the machine for 30 minutes, and pumping it to drain.
The machine was then filled with water to rinse and emptied 
again; the rinse in water was then repeated, and the machine 
left empty until required for use. Substitution of Milton brand 
hypochlorite by the much less expensive Melzone brand hypochlorite 
(available on D.H.S.S. contract) was made on laboratory advice in 
1976, but no other changes in the disinfection routine took pla ce 
during 1974-78.
When machines were in the empty state, residual water from 
the second rinse could be aspirated from the pump/drain outlet 
at the base of the tank, and the recirculating pump at the base 
of the dialysing compartment. The volumes of residual fluid 
varied widely, being dependent upon the efficiency of the unprimed 
pumps involved, but in most cases the residual volume in the 
tcnk exceeded one litre, while the volume in the compartment was 
less than one litre.
Many samples of residual fluid were taken from both tanks 
and compartments when empty in order to determine the efficiency 
of the disinfection routine, and the contribution which residual 
contamination might make to the next batch of dialysate used in 
the machine.
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Table 69 shows the results of cultures of 73 samples of 
residual fluid taken from empty tanks. Only 29 tanks were 
sampled on the day of disinfection and rinsing; no bacteria 
were grown from any of these samples although the soft water 
used for rinsing can be seen from Table 6 6 to contain detectable 
numbers of bacteria; this would seem to indicate the presence of 
residual hypochlorite in the water used for the second rinse.
The remaining 44 samples were taken from machines which had been 
disinfected at least 16 hours previously; of these 27 showed no 
bacterial growth, while 17 showed growth with a mean count of 
86,107 c.f.u./ml. This latter figure was greatly influenced by 
the high counts obtained from relatively few samples from machines 
disinfected on Friday and sampled on Monday.
Table 70 shows the results obtained from 81 samples of 
residual fluid taken from empty dialysing compartments; 40 com­
partments were sampled on the day of disinfection, of which 30 
showed no bacterial growth while 1 0 showed growth with a mean 
viable count of 1,130 c.f.u./ml. The remaining 41 compartments 
sampled were in machines which had been disinfected at least .
16 hours previously; only 1 showed no growth while the mean 
count in the remaining 40 was 207,910 c.f.u./ml.
Results of samples from empty tanks and compartments 
indicated that the disinfection routine was suitable for tanks 
which were to be used immediately although contamination could 
be detected in 38 per cent if usage was delayed; by contrast 
25 per cent of compartments showed bacterial contamination within 
8 hours of disinfection, and if usage was delayed beyond 16 
hours almost all compartments showed gross contamination.
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Restriction of growth in the empty tanks was presumably 
due to the presence of trace amounts of residual hypochlorite.
Since most tanks had a count of less than 10 c.f.u./ml. in a 
residual volume of approximately one litre, when diluted with 
1 2 0 litres of dialysate, the starting inoculum would be expected 
to be fairly small unless the dialysate itself was contaminated.
By contrast the dialysing compartments are known to contain an 
organic deposit of substances dialysed from the patient which may 
interfere with photometric monitors and fluid flow rates; the 
presence of such organic material would be likely to neutralise 
any available chlorine and provide a basis for further bacterial 
growth. Since dialysate slowly flows into the compartment, when 
a compartment is grossly contaminated a drop in the bacterial 
count may be seen until the system comes to equilibrium, or the 
rate of growth outpaces the flushing effect of dialysate; this 
effect may be seen in Table 75 m
Available chlorine levels in disinfecting solutions, residual 
water after rinsing, and dialysate. During the 1976 study, samples 
of disinfectant, rinsing water and dialysate were taken for 
estimation of available chlorine levels; these estimations were 
made by a simple visual method based on the liberation of iodine 
from acid solutions of potassium iodide, which was shown to be 
.capable of detecting 5-10 p.p.m. available chlorine; the absence 
of available chlorine from dialysates was confirmed by reading 
tests in a spectrophotometer capable of detecting 0 .5-1.0 p.p.m.
The purpose of these tests was to check the efficiency 
of staff in making and using hypochlorite dilutions; the 
efficiency of the rinsing routine in removing the hypochlorite, 
which was in doubt since machines in use often had an odour of 
free chlorine; the possibility of carry over of hypochlorite into 
dialysate, which might be responsible for unexpectedly low 
bacterial counts in some dialysates. Table 71 shows the results 
of these estimations.
The hypochlorite disinfectant sampled from dialysis machines 
was in all cases of the required concentration. A sample taken 
from a disinfectant tank in the sluice room (where it was used 
to treat urine glasses, mixing paddles, and surgical bowls) 
showed only 50 p.p.m. available chlorine; this solution was of 
unknown age, and the attention of the staff was broughtto the 
unstable nature of such solutions. Since the report of the 
P.H.L.S. Working Party (1968) states that for disinfection of 
haemodialysis equipment, 1 almost any detectable level of free 
chlorine is satisfactory1, it is probable that this solution was 
of adequate concentration at the time of sampling.
Only 2/50 samples of residual water showed detectable 
chlorine, these having levels of 5-10 p.p.m., although it seems 
probable that with a test of greater sensitivity many more 
samples would be positive. Some of these samples were taken from 
machines having a distinct' chlorine odour; examination of such 
machines showed the presence of moisture between the outside of 
the tanks and the machine casing. It seems likely that such 
odours are due to spillage and splashing of disinfectant into 
the machine casing. However the presence of detectable chlorine 
in two residual waters did indicate variation in the rinsing 
routine, a fact which might account for occasional failure to 
detect viable bacteria in samples where they might be expected.
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All 56 samples of dialysate from full machines failed 
to show evidence of hypochlorite contamination. In view of 
the high dilution factor involved when 1 2 0 litres of dialysate 
is prepared in a tank containing a small volume of residual 
fluid, these results were expected.
Dialysate samples from machine tanks.
Random samples of tank dialysate tested prior to the 
present study showed a wide range of bacterial contamination.
The present samples were taken in order to determine the numbers 
of bacteria present in dialysate at the time of preparation, and 
the extent to which this starting inoculum would proliferate 
during storage or use.
Table 72 shows the mean viable bacterial counts of dialysates 
sampled at the time of preparation, and dialysates sampled after 
overnight storage or during use of machines. During 1974-75, 
dialysates were sometimes prepared in topping up tanks and 
transferred to machine tanks; samples prepared in such a manner 
can be seen to have a higher mean count than samples prepared 
directly in machine tanks. Samples of fresh dialysate from 1975 
can also be seen to have a high bacterial count; this is in part 
due to a high proportion of the samples involved being taken on 
Monday morning, when machines had been empty for three days and 
contamination of residual water would be most likely (see Table 63).
Bacterial counts of fresh dialysates from 1976-78 are much 
lower than the corresponding figures for 1974-75 indicating the 
advantage of preparing dialysate in machine tanks rather than 
topping up tanks. It can be seen from the figures from the same 
period that, providing the starting inoculum is low, the bacterial
load does not increase dramatically during use or short periods 
of storage. *
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Counts for 1978 are particularly low and probably reflect 
the heavy work load of the unit which ensured that machines 
spent less time out of use.
Detailed sampling of dialysate tanks. Machine tanks and 
topping up tanks were usually sampled by aspiration with a 
sterile plastic probe, at a depth of about three inches below 
the surface of the fluid. Dialysates were always well mixed 
by the staff when prepared, but were thereafter only subjected 
to the mixing effects of the machine when it was switched on.
Since mixing the contents of tanks purely for the purpose of 
sampling would alter the machine ecology which might well affect 
the results of samples taken at a later point in machine use, 
no attempt was made to mix the contents of tanks prior to routine 
sampling.
This being the case, it was necessary to know what variation 
might exist in samples taken from various points within a tank, 
and to what degree the results of samples from mixed and unmixed 
tanks might differ.
Table 73 shows the results obtained in 1974 when dialysate 
tanks were sampled from just below the surface, from the centre, 
and the bottom. Six tanks were examined in this way, three 
being chosen because light contamination was anticipated, and 
three others which were thought to be heavily contaminated. In 
the first three tanks a mean count of 8 , 6 6 6  c.f.u./ml. was found 
with a variation of -40 per cent at the top, to +34 per cent 
at the centre. In the second three tanks, the mean count was 
290,000 c.f.u./ml., with a variation of -53 per cent at the top, 
to +85 per cent at the bottom. These results indicated a considerable 
sampling error which increased with the viable count when expressed 
as a percentage of the mean.
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Table 74  shows the results obtained when a full topping 
up tank was sampled from six points while standing, and again 
after thorough mixing. The mean count of the first six samples 
was 163,000 c.f.u./ml., and the variation was from -30 per cent 
to +43 per cent. As in Table 73 the highest counts were from 
samples at the bottom of the tank, and the lowest counts were 
found at the normal sampling point just below the surface of the 
dialysate. The count of the sample taken after thorough mixing 
of the tanks contents was 161,000 c.f.u./ml. being very close to 
the mean of six samples taken prior to mixing. Since these six 
samples were representative of widely differing volumes, the 
proximity of the calculated mean to the count of the mixed 
dialysate must be regarded as fortuitous.
From these experiments it was concluded that the viable 
counts of routine tank samples which had been taken from just 
below the surface of the fluid contained, represented an under­
estimate of the true viable count of the total tank contents.
Dialysate samples from dialysing compartments
Considerable variations in the viable counts of random 
samples of dialysate taken from dialysing compartments, had been 
noted before the commencement of this study. Table 75 shows the 
mean viable counts of such samples taken over 1974-78 which are 
split into those samples taken in the first hour of machine use , 
those taken at mid point in dialysis, and those taken in the last 
hour of dialysis.
For use, a coil is fitted into the dialysing compartment, 
and dialysate pumped through it for 15-20 minutes while the mem­
brane becomes pliable, the compartment temperature rises to 37°C., 
and the patient is prepared for treatment. Until the patient is
finally attached, no nitrogenous waste enters the dialysate.
3 2 4
During this first stage of machine use, dialysate from 
the tank having a low viable count (Table 72)f mixes with 
residual water from the compartment having a much higher viable 
count (Table 70 ) causing samples of dialysate from the compartment 
to show high counts.
The flora of the compartment is slowly flushed out by 
dialysate from the tank, and samples of dialysate taken during 
the mid point of dialysis have a lower count than those taken in 
the first hour.
The introduction of nitrogenous waste into the compartment 
causes bacterial growth in dialysate, and samples taken in the 
last hour of dialysis show high'er counts than samples taken in 
earlier stages.
In Table 75 all samples taken in the first hour show heavy 
contamination, all mean counts being higher than those found in 
dialysate from tanks (Table 72.). Mean counts of samples taken 
in mid dialysis are seen to be lower than those taken in the 
first hour in four of the five years. Samples taken in the 
last hour of dialysis are in most cases seen to have a higher 
mean.viable count than those taken in mid dialysis.
Though not identified in the table, three of thirty five 
samples taken in the first hour, were in fact taken on the 
s.econd use of a machine within a single day. The mean count of 
these samples was 1936 c.f.u./ml. which contrasts well with the 
mean of 235,111 c.f.u./ml. for the total samples in this group. 
Such figures would seem to indicate that a dramatic improvement 
in dialysate hygiene could be brought about by disinfection of 
machines on the day of use.
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Figure 27
Shows the mean counts of dialysate samples from compartments 
in the first hour, mid dialysis, and last hour of use during 
1974-78. In four of five years the mean count drops in the 
first half of dialysis, and rises in the second half.
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The data shown in Table £s presented graphically in 
Fig. 27. In 4 of 5 years a drop in viable count occurs between 
the start of dialysis and the mid point, and a rise in viable 
count occurs between the mid point and the end of treatment. 
These curves help to explain the wide variations found when 
random samples are used for bacterial counts; they also show the 
improvement in the microbiological quality of dialysate during 
1977-78 which resulted from adequate soft water supplies, 
freshly prepared dialysate, and increased machine use.
Summary of mean viable counts during 1974-78
A diagram summarising the results of viable counts of soft 
waters, residual rinsing waters, and dialysates, sampled during 
1974-78, is presented in Fig. 28. The significant information 
which may be derived from this diagram is as follows.
A. Soft water samples frequently showed viable counts which 
were higher than those which might be expected from mains 
waters. This finding might have been partly due to 
colonisation of the softener bed, but was certainly 
influenced by the practice of drawing water through 
hoses which were not disinfected.
B. Topping up tanks, in use during 1974-75, were always
• ;  i
found to be grossly contaminated whether empty or full. 
Such contamination must have contributed to the high 
counts found in dialysates from R.S.P. machines during 
this period of time.
C. Empty machine tanks sampled more than 16 hours after 
disinfection often failed to show growth. The 39 per cent
i 1
of tanks which were contaminated had a mean viable count 
of 86,107 c.f.u./ml.
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E. The mean viable counts of freshly prepared dialysates 
varied from 137 c.f.u./ml. when prepared in machine 
tanks, to 61,500 c.f.u./ml. when prepared in topping 
up tanks.
F. The mean viable counts of dialysates rose when stored, 
or in use. During 1976-78, this rise was less than two­
fold, suggesting that dialysate alone does not promote 
particularly fast growth.
G. Residual rinsing water taken from empty dialysing com­
partments within 8 hours of machine disinfection, 
showed no growth in 75 per cent of samples, the mean 
viable count of the remaining 25 per cent being 1,130 
c.f.u./ml.
H. Residual rinsing water from dialysing compartments
sampled later than 16 hours after machine disinfection, 
almost always showed contamination with a mean viable 
count of 207,910 c.f.u./ml.
I. Dialysates taken from compartments during the first
hour of machine use, always showed high viable counts 
which related more closely to the counts of empty 
compartments, than to those of dialysates from tanks.
This suggests that the dialysate was flushing out con­
taminating bacteria from the compartment.
J. Dialysates from compartments sampled during mid dialysis
showed lower counts than those sampled in the first hour. 
This finding supports the suggestion that contaminants 
were being flushed from the compartment.
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K. Dialysates sampled in the last hour of dialysis show
higher counts than those sampled at the start or 
middle of the treatment. This was presumably due to 
active bacterial growth in a mixture of dialysate and 
nitrogenous waste held at 37°C. The collection of 
isolates (Table 44)f shows that the flora of dialysate 
alone (from tanks) and dialysate mixed with nitrogenous 
waste (from compartments) were in fact different.
e. Hand washing samples from renal unit staff
Casewell and Phillips (1977) have shown that the hands of 
nursing staff which become c o n t a m i n a t e d  w i t h  K l e b s i e l l a  s p e c i e s  
may carry these organisms in a viable state for up to 150 minutes. 
Since such organisms have been shown to be common contaminants 
of dialysate, the possibility of transmission within the ward, 
on the hands of staff was investigated. While the origin of 
oxidase positive Gram negative rods in dialysate has been shown 
to be water, lactose fermenting species of Enterobacteriaceae 
are by no means common in mains or softened water, although they 
are commonly found in environmental samples in hospitals which 
are exposed to water. Since such organisms are commoner in 
dialysate, than in the water from which dialysate is prepared, 
the possibility of transmission between machine dialysates on 
the hands of staff, was thought to be worthy of investigation.
The method used to sample hands is given in the Methods 
■Section of this work. A total of 40 sets of hand wash samples 
were obtained from 1 1 members of staff on the ward, while an 
additional 5 sets of control samples were obtained from laboratory 
staff working in a clinical microbiology laboratory.
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In each sampling separate washings were taken from the 
left and right hands. 2 0  sets of samples were obtained from 
staff wearing disposable latex gloves; the latex glove was. 
removed by pulling from the cuff to turn it inside out, 
inserting Ringer solution, and shaking. The bare hands were 
then sampled. In this way four samples were obtained from each 
glove wearing member of staff tested.
2 0  paired samples were obtained from staff working in the 
ward without gloves. Staff working without gloves were involved 
in general activities in the ward, gloves being used only by those
staff who were carrying out duties involving aseptic procedures
such as setting up blood lines, and attaching patients to machines.
All samples were examined by direct plating and enrichment 
culture in broth; lactose fermenting species of Enterobacteriaceae 
and Pseudomonas species were used as markers of dialysate con­
tamination. Results are given on Table 76.
On no occasion were organisms of dialysate origin demon­
strated on the hands of glove wearers, or on the gloves being 
worn. Samples from laboratory staff used as controls were like­
wise negative.
By contrast, staff not wearing gloves showed a high rate
of hand contamination by organisms indistinguishable from those
found in dialysate samples. Klebsiella pneumoniae was isolated 
from 16 of 20 paired samples from non glove wearers; 4 of these 
isolates were present in profuse numbers, being isolated by 
direct plating, while the remaining 1 2 were present in scanty 
numbers on direct plating or via enrichment broth. One subject 
showed profuse Kleb. pneumoniae and Ent. cloacae in the same samples.
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Two subjects showed a profuse growth of KJLeb. pneumoniae 
from one hand only, the other hand being negative. They were re­
sampled again three days later and the same results were obtained 
neither had any observable lesions on the hand in question.
Green pigmented Pseudomonads were isolated from 7 of 20 
non glove wearers. In one subject they were present in profuse 
numbers from direct plating, while in the remainder they were 
isolated from enrichment broth only.
Results indicate a high rate of hand carriage of dialysate 
contaminating species in renal unit workers not wearing gloves, 
and it seems likely that such hand contamination arises in 
dialysate or water. It would seem probable that carriage on the 
hands is one method of transfer of such organisms, from one 
machine to another.
The absence of such contamination on the gloves or hands 
of glove wearers might be due to a greater need, or awareness 
of, asepsis when glove wearing; it might also be influenced by 
diminished viability of micro-organisms on the surface, or under­
neath gloves. It should be emphasised at this point that the 
two groups sampled did not represent different members of staff, 
but were both the same subjects who happened to be engaged in 
different duties at the time of sampling. Although none showed 
hand contamination when wearing gloves, most showed contamination 
when not wearing them.
Air samples from the Brighton R.D.U.
When the R.S.P. machines were in use, dialysate was pumped 
upwards through the dialysing coil, and in a good light, small 
droplets could be seen to be thrown into the air above the
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dialysing compartment. A domed plastic cover supplied with the 
machine was meant to be placed over the dialysing compartment in 
order to retain such droplets and to prevent the entry of extraneous 
materials; condensation of water vapour on the under surface of 
this cover prevented visualisation of the contents of the compart­
ment.
The R.S.P. machine contained a photoelectric monitor which 
scanned the effluent dialysate from the compartment and gave an 
audio-visual warning if it contained blood. Since some patients, 
and possibly staff, lacked confidence in this monitor, the plastic 
cover was frequently left off of the compartment and replaced by 
a' carefully angled shaving mirror which allowed the patient to 
see the contents of the compartment from the bed. Figure 29 
shows such an arrangement.
It was felt that this practice might cause aerial contamination 
by those bacterial species which were known to constitute the pre­
dominant flora of compartment dialysate, i.e. Acinetobacter, 
Pseudomonas, Klebsiella, and Enterobacter. In order to test this 
hypothesis a series of air samples were taken in the R.D.U. over 
a six week period. Once per week a slit sampler was taken to 
the ward and a number of 15 litre air samples taken from sites 
adjacent to R.S.P. machines which were being used without plastic 
covers, and from peripheral sites in the same room. Whenever an 
air sample was taken beside a machine, a swab was taken from the 
machine compartment for the purpose of comparison.
The quantitative results of these investigations are shown 
in Table77 . These clearly show that the mean count of air 
samples taken at peripheral sites (39.6 c.f.u./l5 litres) was 
higher than the mean count of samples taken close to the R.S.P.
machines (30.4 c.f.u./l5 litres), from which it was concluded
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F i g u r e  2 9
T h e  p h o t o g r a p h  s h o w s  t h e  t o p  s u r f a c e  o f  a n  R . S . P .  m a c h i n e .  W h e n  
i n  u s e  t h e  d i a l y s a t e  i s  p u m p e d  u p w a r d s  t h r o u g h  t h e  c o i l ,  a n d  i n  a  g o o d  
l i g h t ,  s m a l l  d r o p l e t s  c a n  b e  s e e n  t o  b e  t h r o w n  i n t o  t h e  a t m o s p h e r e  
a b o v e .  I n  t h i s  e x a m p l e  t h e  p l a s t i c  c o v e r  w h i c h  i s  m e a n t  t o  r e t a i n  
s u c h  d r o p l e t s  h a s  b e e n  r e m o v e d  a n d  r e p l a c e d  b y  a  s h a v i n g  m i r r o r .
B y  t h i s  m e t h o d  t h e  p a t i e n t  c a n  s e e  i n t o  t h e  d i a l y s i n g  c o m p a r t m e n t  a n d  
s a t i s f y  h i m s e l f  t h a t  h e  i s  n o t  l o s i n g  b l o o d  f r o m  t h e  c o i l .  T h i s  i s  a  
c o m m o n  p r a c t i c e  a n d  r e f l e c t s  a  l a c k  o f  c o n f i d e n c e  i n  t h e  p h o t o e l e c t r i c  
m o n i t o r  w h i c h  g i v e s  a n  a u d i o - v i s u a l  w a r n i n g  o f  s u c h  l e a k a g e .
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tha t the machines do not make a significant contribution to the 
aerial flora of the ward.
Qualitative investigations based on air samples cultured on 
MacConkey agar and Sabourauds dextrose agar, were also carried 
out. While almost all swabs taken from dialysate compartments 
yielded a mixture of Acinetobacter, Pseudomonas, Klebsiella and 
Enterobacter, no isolations of Pseudomonas, Klebsiella or 
Enterobacter were made from any of the air samples tested. In 
week 2 an Acinetobacter isolate indistinguishable from isolates 
from dialysate, was found in all 5 air samples tested, representing 
approximately 50 per cent, of the colonies recovered from each 
sample. In week 6 several colonies of Acinetobacter were isolated 
from a single air sample, being indistinguishable from an isolate 
from an adjacent machine.
Most air samples showed a mixed flora containing Bacillus, 
Micrococcus, Staphylococcus, and yellow pigmented colonies 
resembling Flavobacterium. Most air samples yielded scanty fungal 
colonies but these were not more common in either sampling site;
most colonies resembled either Penicillium, Phoma or Aspergillus,.- .
and typical olive green colonies of Cladosporium which were known -
to colonise water hoses used to prepare dialysate, were not seen.
Investigation of air samples from the R.D.U. suggested that 
with the possible exception of Acinetobacter, the flora of 
di'alysing compartments did not contribute substantially to the 
aerial flora of the surrounding room, even when the covers of 
dialysing compartments are left off during use. The failure to 
isolate Gram negative rods from air samples is in general agreement
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with the results of Cosewell and Phillips (1977) who failed to 
isolate Klebsiella from air samples taken in a ward in which 
other environmental samples showed heavy contamination with 
this organism. Since in the renal unit situation fluids known 
to contain such organisms can be seen to be sprayed into the 
atmosphere, it must be concluded that the viability of these 
organisms in air is very limited.
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THE PATHOLOGIC SIGNIFICANCE 
OF
DIALYSATE CONTAMINATION
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1 . Endotoxin studies
a. Endotoxins and haemodialysis
Pyrexial reactions are a common complication of haemodialysis 
(Robinson and Rosen, 1971) in patients receiving repeated treat­
ments for chronic renal failure. The possibility that such symptoms 
might be caused by bacterial endotoxins passing over the membranes 
used and thus gaining access to the circulation, has been the sub­
ject of controversy. The endotoxin molecule is large with a mole­
cular weight in excess of one megadalton (Gans and Wendell, 1976) 
and it has been calculated that the pore size of the membranes used 
is too small to permit the passage of endotoxin (Alexander and 
Galletti, 1965). Other workers have cast doubt on the validity of 
these calculations.
Raij et al. (1973) circulated endotoxin containing saline 
through the dialysate compartments of dialysers for six hours, and 
demonstrated endotoxin contamination of pyrogen free saline cir­
culating in the blood compartments of two of six dialysers used; 
one of these was of the re-usable type and one was disposable. The 
same workers demonstrated circulating endotoxin in the plasma of 2 2  
of 52 patients experiencing febrile reactions during haemodialysis, 
but failed to find endotoxin in the plasma of afebrile controls. 
Gazenfield-Gazit and Eliahou (1969) demonstrated the presence of 
high titre endotoxin antibodies in 1 2 patients treated by maintenance 
haemodialysis; in 3 of these patients, conversion from a seronegative 
to seropositive state was demonstrated in the first three months of 
haemodialysis treatment.
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Since endotoxins absorbed from the intestinal tract are  ^
normal constituents of venous blood, which are absorbed and de­
toxified by the Kuppfer cells of the liver in normal subjects 
(Jacob et al./ 1977), the presence of endotoxins or endotoxin 
antibodies in the blood of haemodialysed patients might equally 
well indicate abnormal liver function, as passage of endotoxins 
over the membranes used in treatment.
The growing practice of re-using disposable dialysers (Wagnild 
et al., 1977) by rinsing the blood compartments of dialysers with 
endotoxin-containing tap water, provides a means by which endotoxins 
might enter the circulation of haemodialysed patients without 
passing over the membrane.
b. The characteristics of endotoxins
Endotoxins are produced by most species of Gram negative 
bacteria and by a few species of Gram positive bacteria and fungi 
(McAuley et al., 1974). The endotoxin molecule incorporates three 
regions of contrasting chemical and biological properties (Kass and 
Wolff, 1973), a polysaccharide region having serological specificity 
a non specific core polysaccharide region which is common to endo­
toxins obtained from many various sources, and a component referred 
to as lipid A. By means of mild acid hydrolysis the 2 keto 3 
deoxyoctonate (KDO) trisaccharide linkage between lipid A and the 
polysaccharide regions of the endotoxin molecule, may be broken and 
purified preparations of lipid A obtained. Pure lipid A is insolubl 
in water and is thus devoid of biological activity, but it may be 
solubilised by attachment to carrier particles such as serum albumin 
in this soluble state a full range of endotoxic activity including 
pyrogenicity for animals, and Limulus gelation, may be demonstrated.
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Furthermore, mutant or rough forms of Gram negative bacteria 
which lack specific polysaccharides have been shown to retain 
endotoxic properties. It is therefore unlikely that the poly­
saccharide regions of the endotoxin molecule are responsible for 
toxic activities, which must be related to the KDO/lipid A region 
of the molecule.
If natural cleavage of the endotoxin molecule occurs yielding 
fractions of variable molecular weight, ability to cross membranes, 
solubility, serological activity, and pyrogenicity, the role of 
endotoxin in pyrexial episodes occurring during haemodialysis is 
likely to be difficult to elucidate.
Endotoxins have a wide range of biological activities which 
have been comprehensively reviewed by Bennett and Cluff (1957), 
and which include pyrexia, peripheral vasodilation and hypotension, 
rigors, headaches, and nausea. Symptomatology is further com­
plicated by the fact that previous exposure to endotoxins may 
result in a state of tolerance in some subjects, or hypersensitivity 
in others.. Thus the exposure of experimental animal models or 
haemodialysed patients, to endotoxin, may be characterised by a 
wide range of responses; it is this which makes laboratory and 
clinical data so difficult to evaluate.
c. Demonstration of endotoxins
The demonstration of endotoxin in intravenous pharmaceutical 
products has up to the present time been based on the fever index 
test in the rabbit; regulations for this test are given in the 
British Pharmacopoeia and the United States Pharmacopoeia. In this 
test three rabbits are given an intravenous injection of the test 
substance and temperature recordings made for 2-3 days in order to
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determine the mean pyrogenic dose (PD^q ). Since both man and 
rabbit have a similar sensitivity to endotoxin, the test is of 
great value in the pharmaceutical industry.
A more recent test for endotoxin demonstration is the Limulus 
amoebocyte lysate (l_AL) test (Levin and Bang, 1968) in which an 
extract of the amoebocyte blood cell of the horseshoe crab (Limulus 
polyphemus) shows gelation when exposed to endotoxin. There is 
general agreement that the LAL test is more sensitive to endotoxin 
than the rabbit fever index test (Cooper et al., 1971; Wachtel and 
Tsuji, 1977). The LAL test has a high degree of specificity for 
endotoxins and does not give a positive result with other bacterial 
products (Reinhold and Fine, 1971), although some polynucleotides 
and proteins present in human serum which are associated with the 
blood coagulation system in man are known to give a positive 
result (Elin and Wolff, 1973).
The LAL reagent is obtainable in freeze dried or frozen form 
from commercial sources, at a cost of £1 - 2  per test; the test 
protocols supplied by manufacturers use 100 jjI of LAL reagent for 
each test. Since for quantitative purposes, samples may need to 
be tested over a wide range of dilutions, the test is expensive 
to.use. In order to reduce the cost of testing, a micro method 
using 10 pi of reagent, based on the method of Frauch (1973) was 
developed, and has since been published (Flowers, 1979). Although 
it was not known at -the time the micro method was developed, a 
similar method has also been published by Goto et al. (1977).
Most published reports suggest that the LAL test will detect 
0.1 ng/ml of endotoxin or less (Jorgensen and Lee, 1978) being 
sensitive to both free endotoxin and endotoxin associated with 
intact bacterial cells (Jorgensen et al., 1973). Coates (1977)
found the limit of sensitivity of the test to correspond to 500 Gram
negative bacteria in an 0.05 ml test sample (10^ cells/ml).
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The LAL test has found many applications in industry and 
medicine; industrial applications include testing of drinking 
waters (Jorgensen et al., 1976), meat (jay, 1977) and pharmaceutical 
preparations (Cooper, 1975); applications in medicine include 
testing of cerebro-spinal fluid (Jorgensen and Lee, 1978), urine 
(Jorgensen et al., 1973), urethral discharge (Spagna et al., 1979) 
and blood plasma (Cooperstock et al., 1975). The presence of 
inhibitors of the LAL reaction in human plasma makes it necessary 
to extract endotoxin with chloroform (Levin et al., 1970), or to 
precipitate inhibitors by pH change (Reinhold and Fine, 1971), 
when testing plasma for endotoxins; even when such methods are 
used some workers have questioned the usefulness of the LAL test 
when applied to plasma (Elin et al., 1975).
d. The development of a micro technique for endotoxin assay
Development of a micro technique for endotoxin assay was made 
necessary by the high cost of Limulus amoebocyte lysate reagent 
(LAL) and the need to test a wide range of dilutions when assaying 
waters and dialysates used in haemodialysis. The technique finally 
adopted is given in Materials and Methods, and has been published 
(Flowers, 1979); a copy of this publication may be found in 
Appendix 1. The development of this micro technique did necessitate 
preliminary studies which have not been described elsewhere.
In the first LAL tests carried out, the protocol supplied by 
manufacturer was used; this specified 100 jjI volumes of both LAL 
reagent and test sample to be incubated for one hour at 37°C in 
endotoxin free tubes supplied with the reagent; tests were then 
read by slowly inverting the tube, when positive tests remained 
immobile while negative tests ran down the side of the tube.
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Positive controls containing 50 ng/ml endotoxin, and pyrogen free 
water used as a negative control, gave clear cut results which 
were easily differentiated.
The tube technique was then modified by reducing the 
volumes of test reagent and sample used. Table 78 shows the 
results obtained when 10, 20, 30, 50, 75 and 100 jul volumes were 
used, false positive results were obtained due to the adherence 
and surface tension of small volumes resisting gravitational pull 
when the tubes were inverted. In all future tube tests 50 yul 
volumes were used.
Before any major modifications of the LAL test procedure could 
be made it was necessary to ensure that all reagents and apparatus 
which might come into contact with test samples or LAL reagent, 
were free from extraneous endotoxin which might give rise to false 
positive results. It is possible to remove endotoxin from apparatus 
by thorough washing in hot detergent, followed by rinsing in pyrogen 
free water, and finally heating to 200°C for 2 hours at which 
temperature any residual endotoxin is destroyed (McAuley et al., 
1974). This routine was in fact used for glass sample tubes, micro­
scope slides, and pipettes, but was obviously unsuitable for plastic- 
ware.
Since most disposable plastic apparatus is mass produced by 
heat injection moulding, and is unlikely to come into contact with 
endotoxin during packaging, it was thought likely that it would be 
free from detectable levels of endotoxin. Samples of all disposable 
apparatus were checked for the presence of endotoxin by filling them 
with, or immersing them in, pyrogen free water (Boots Pure Drug Co.), 
incubating them at 37°C for one hour, mixing or shaking at 15 minute
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intervals during incubation, and then testing the contained water 
by the LAL tube technique. In all cases the disposable plasticware 
and glassware tested in this manner has been found to be free from 
detectable endotoxin; apparatus tested has included plastic tubes 
used for preparing dilutions (Sterilin), plastic pipettes (Sterilin), 
automatic pipette tips (Excell; Boehringer), petri' dishes (Sterilin), 
Millex membrane filter units (Millipore), syringes (Gillette), and 
glass universal bottles (Labco).
The micro technique for LAL testing described by Frauch (1973) 
was then used. In this technique 10 jjI volumes of LAL reagent 
and test sample were placed on the surface of a clean endotoxin 
free black glass plate; the plate was then incubated in a wet 
chamber at 37°C for 30 minutes and finally read by gently tapping 
the plate. In negative tests the droplet could be seen to vibrate 
while in positive tests the droplet failed to vibrate due to 
gelation. While this technique was generally satisfactory, two 
problems were met; firstly the mixture tended to run over the 
surface of the plate rather than form a cohesive droplet, and 
secondly test slides, often suffered from evaporative loss which 
made them difficult to read.
In order to overcome these difficulties the technique was 
modified in the following manner. Tests were made in circles 
impressed on the surface of a microscope slide by means of a 9 mm 
diameter glass tube which had been dipped in molten paraffin molle 
album; the amount transferred to the slide should be just sufficient 
to leave a faint circular grease mark upon the surface. At a later 
date it was discovered that the wells in poly-tetra-flouro-ethylene 
(P.T.F.E.) coated multispot slides (C.A. Hendley and Co.) were more 
satisfactory and they were used for most future tests. The paraffin 
ring technique did however have an advantage in that it could be used on 
the surfaces of equipment such as haemodialysis membranes.
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The problem of evaporative loss was finally overcome by the 
use of a double insulating cover on the wet chamber used for 
incubation. Test slides were placed on wet filter paper in an 
assay dish, covered with a petri dish, and the cover of the assay 
dish replaced. It was not quite clear why this modification was 
so effective, but it might have slowed down loss of water vapour 
from the air above the slide or alternatively the plastic petri 
dish might have been a less suitable surface for the condensation 
of water vapour than the metal lid of the assay dish. Whatever 
the reason, the double insulation technique proved very effective 
and no problems of evaporation have been encountered since it has 
been in use.
The effects of varying the volume used in the slide test were 
also investigated. It was found to be difficult to read tests 
when 5 jjl volumes were used, while the 20 pi volumes used in the 
slide test described by Goto et al. (1977) were found to be larger 
than necessary. It was finally decided that the 10 pi volumes 
originally used were optimal for the slide test. Difficulties 
were encountered in determining the end points in dilution series 
used for endotoxin assay. While frankly positive or negative 
results were easily differentiated by observing the mobility of 
the fluid when the slide was tapped or tilted, equivocal results 
were often encountered at the end point of a dilution series 
where readings were somewhat subjective. While this problem 
could be avoided by using centimal rather than decimal or half 
logarithmic dilution series, such a procedure substantially 
reduced the sensitivity of assays. A more objective method of 
reading tests made on decimal dilution series was therefore required.
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Since positive tests were characterised by an increase in the 
viscocity of the LAL reagent, it was thought possible that tests 
might be read by attempting to draw the reagent into a capillary 
tube, when the height of the capillary column obtained would be 
inversely related to the viscocity of the reagent. Capillary 
melting point tubes 75 x 1.5 mm with an internal diameter of 1.2 mm 
(Bilbate Precision Glass) were used to test this hypothesis. After 
incubation of the slide a capillary tube was held vertically over
the centre of the reagent droplet, and then lowered until the end
of the capillary touched the glass slide, and withdrawn; the end 
of the capillary remained in contact with the droplet for 1 - 2  seconds. 
It was found that the reagent rose higher in the capillary when 
tests were negative, and that the height of the column could easily
be read by laying the capillary on a ruler.
Table 79 shows the results obtained when a 500 ng/ml. endotoxin 
solution was used to prepare a series of doubling dilutions and each 
dilution was tested ten times by the slide technique; after incu­
bation all tests were read by both visual inspection and the 
capillary technique. The results show an end point at a l/6,400 
dilution where visual readings gave five negative results and one 
positive result, the remaining four results being equivocal; when 
the same slides were read by the capillary technique readings varied 
.from 4-7 mm with a mean reading of 5.3 mm. In the preceding 
dilution all ten tests were visually recorded as positive, while 
capillary readings showed a mean rise of 3.9 mm; in the subsequent 
dilution all ten tests were visually recorded as negative with a 
mean capillary rise of 8.7 mm.
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The results given in Table 79 would suggest that tests read by 
visual inspection would clearly differentiate the end point produced 
by a fourfold dilution series, since all tests were positive at 
1/3,200 and negative at l/l2,800. By contrast capillary readings 
suggest that droplets of similar viscocity (resulting in a rise of 
5 mm in a standard capillary tube), might be read visually as 
positive, negative or equivocal over a similar fourfold dilution 
range (from l/l,600 to 1/6,400). This difference in sensitivity 
might be taken to indicate a greater sensitivity of the visual 
reading technique which could not be confirmed by an alternative 
method involving an objective physical measurement, or a strong 
subjective element when several visual readings were made from 
tests which were known to contain the same endotoxin concentration. 
Limited experience gained by asking inexperienced observers to read 
tests in blind trials suggested that the visual readings reported 
in Table 79 contained a subjective bias, and that the capillary 
method of reading tests required less experience. It would have 
been useful to control the experiment by a similar number of tube 
tests, and to have used other personnel in a series of blind 
trials; such controls were prohibited by cost.
In consequence of this experimental work, all future tests 
were read both by visual inspection and by the capillary method; 
readings less than 4 mm were interpreted as positive, those 
greater than 6 mm were interpreted as negative, while readings 
from 4-6 mm were regarded as equivocal. Readings made by both 
methods usually corresponded, but when they failed to do so the 
tests were repeated.
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After this work, decimal dilutions were used when assaying 
waters and dialysates. While the method was probably capable of 
greater sensitivity than is expressed when such dilutions were 
used, the wide range of endotoxin concentrations encountered in 
waters, from 0.5-50,000 ng/ml, meant that dilution series closer,
' i.
than tenfold would be prohibitively expensive.
In the test protocol supplied with the LAL reagent kit, a 
one hour period of incubation at 37°C was suggested for the tube 
technique, and users were warned that prolonged incubation might 
result in the detection of endotoxin concentrations which would 
not normally be regarded as pyrogenic in pharmaceutical preparations. 
Such instructions.implied that the LAL test should be restricted to 
a level of sensitivity which corresponded to that of the rabbit 
fever test, in order to avoid the unecessary rejection of pharma- 
-ceutical products. For the purpose of endotoxin assay, any 
increased sensitivity which could be obtained by prolonged incubation 
periods would represent an advantage.
It was therefore necessary to determine the period of incubation 
necessary for optimal sensitivity of the LAL slide test. The slide 
technique used by Frauch (1973) specified an incubation period of 
30 minutes, while the publication of Goto et al. (1977) recorded 
identical levels of sensitivity when incubation periods from 30-120 
minutes were used.
Table 80 records the results obtained when doubling dilutions 
of a 500 ng/ml endotoxin solution were tested in duplicate by the 
slide technique, using incubation periods from 15-150 minutes.
Up to a dilution of l/l,000 all periods of incubation yielded positive 
results, this corresponding exactly to the 0.5 ng/ml level of 
sensitivity claimed by Goto et al. (l977). Unlike the results of 
Goto et al., as incubation was prolonged the level of sensitivity
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increased, until at 120-150 minutes the sensitivity was eight 
times that seen at 15-30 minutes.
Since enhanced sensitivity represented an advantage when 
conducting quantitative studies, an incubation period of one hour 
was used for all future tests. Bearing in mind that tests on open 
slides could not be carried out without the risk of contamination, 
it was thought that any increased sensitivity which might result 
from incubation periods longer than one hour would be offset by 
the risks of bacterial growth and consequent endotoxin production 
during incubation. This risk of contamination was not in fact a 
problem in the negative controls used in the titrations reported.
e. The sensitivity of the micro technique
From the data given in Tables 79 and SO it might be noted that 
levels of sensitivity of the technique, though similar, were not 
identical although the same endotoxin solution was used on both 
occasions. This was thought to be due to variation in the LAL 
reagent which is known to be thermolabile, and does not keep well 
except in the deep frozen or freeze dried state.
Verbal communication with the manufacturers revealed that the 
reagent was a crude amoebocyte lysate which was tested for minimal 
potency prior to sale, and that many batches might exceed this 
minimal standard thus giving tests of enhanced sensitivity. When 
reconstituted there was some loss of potency although the manufacturers 
claimed that reconstituted reagent could be kept for one month in 
the refrigerator.
Table 81 shows the results obtained when a freshly supplied 
batch of LAL reagent (Code 7191 Lot 7GZB) was used to test dilutions 
of the endotoxin standard supplied with the test kit. These tests
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used 10 pi volumes of reagent, a one hour incubation period at 37°C, 
and a tenfold dilution series, as used for all subsequent endotoxin 
assays. The upper part of the table shows the results obtained with 
freshly reconstituted LAL reagent, while the lower part of the table 
shows the results obtained when the same vial of reagent was used 
after three weeks storage in the refrigerator.
It can be seen from Table 81 that in all tests the technique 
detected 0.5 ng/ml of endotoxin, and when the reagent was freshly- 
reconstituted 0.05 ng/ml of endotoxin was detected in one of five 
tests. There was only minimal loss of potency after three weeks 
storage in the refrigerator. This level of sensitivity agrees with 
other published results; Goto et al. (1977) found a slide technique 
able to detect 0.5 ng/ml endotoxin; Cooper et al. (1971) found 
the LAL. tube test able to detect 1.0 ng/ml of E. coli endotoxin or 
0.1 ng/ml of Klebsiella endotoxin; Coates (1977) found the LAL test 
sensitivity to be enhanced by the presence of saline or low con­
centrations of ethylene-diamine-tetra-acetic acid (EDTA) and was 
able to detect 0.04 ng/ml endotoxin.
f. The stability of endotoxin solutions
Before using the slide test to assay endotoxin in haemodialysis 
fluids it was necessary to establish that the techniques used did 
not involve loss of endotoxin due to adsorbtion or filtration.
Many workers have described techniques in which antigenic materials 
are adsorbed onto the surface of polystyrene as a basis for the 
enzyme linked immunosorbent assay (ELISA) test (Engvall and Perlmann, 
1971); the mechanism of adsorbtion is not well understood and the 
selection of suitable plasticware is made on a trial and error basis.
357
It was thought that the possible adsorbtion onto the surface 
of polystyrene tubes used to prepare dilution series might lead to 
loss of endotoxin concentration. In order to test this possibility 
a tenfold dilution series of a 500 ng/ml endotoxin solution were 
prepared in polystyrene tubes and left to stand for one hour 
(series A). Aliquots were then removed from each and placed in a 
second series of tubes (Series B). LAL tests were then carried out 
on series A, before and after thorough mixing, and on series B.
The results of these tests are shown in Table 82 f an<j indicate 
that endotoxin solutions when well mixed were stable for one hour 
and could be tested without remixing, and that no loss of endotoxin 
due to adsorbtion on to the surface of polystyrene tubes occurred 
during this period.
Table 82 shows also the results of tests made on the same 
dilution series after they had been passed through cellulose acetate 
filters of 0.22 jjm and 0.45 jjm pore size. These indicate that no 
demonstrable loss of endotoxin occurred after passage through these 
filters. This finding was important since it had already been 
decided that since the principal aim of the work was to determine 
whether free endotoxin, rather than that attached to intact bacterid 
cells, passed through haemodialysis membranes, all tests should be 
made on filtered samples. Filtration was in fact necessary when 
testing samples from outside the Brighton area in order to avoid 
bacterial growth and consequent endotoxin production during 
transmission.
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g. Endotoxin concentrations in waters and dialysates
Endotoxin assays were carried out on waters and dialysates in 
order to determine the levels of endotoxin present in fluids used 
in uneventful haemodialysis; in addition, samples of water from 
home dialysis units where patients were experiencing adverse 
symptoms during haemodialysis, were also examined in order to 
determine whether such symptoms could be related to high levels 
of endotoxin. Since all of these home dialysis patients treated 
themselves at night it was not possible to obtain samples of in-use 
dialysate from their units.
Table 83 shows the endotoxin levels of waters from home dialysis 
units in Brighton and the Brighton hospital unit. Waters from the 
19 home units were sampled by the patients themselves immediately 
before visiting the hospital; they show a wide range of endotoxin 
concentrations, the levels being somewhat higher in soft rather than 
mains waters; the results of bacterial counts on the same samples are 
given in Table 13 Ten random samples of soft water from the hospital 
unit showed a range of endotoxin levels which were higher than the 
same number of mains water samples. The higher endotoxin levels 
seen in home dialysis waters might be due to a poor sampling technique, 
or to a less constant water use which involves longer periods of 
stagnation in water treatment plant and distribution pipes.
Table 84 shows the endotoxin levels of ten samples each of 
dialysate concentrate, and prepared dialysate from the dialysate 
tanks and dialysing compartments of the same R.S.P. machines. The 
dialysate concentrates show endotoxin levels from 50 ng/ml to over 
500 ng/ml, but since concentrates must be diluted with 29 parts of 
water prior to use, dialysates prepared from them might be expected 
to show proportionately lower endotoxin levels. Although dialysate
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concentrates are not sold as sterile products, such high con­
centrations of endotoxin are perhaps unusual in pharmaceutical 
products.
Samples of tank dialysate from the R.S.P. machines showed 
endotoxin levels which were lower than those seen ^ in dialysate 
concentrate, but somewhat higher than those seen in the soft 
waters used to prepare them (Table 83). However, when the tank 
dialysates were pumped up into the dialysing compartments of the 
R.S.P. machines, endotoxin concentrations rose to levels which 
were similar to those seen in dialysate concentrate. This rise 
in endotoxin levels which was seen when dialysates were transferred 
from the dialysate tank to the dialysing compartment, paralleled 
the rise in the bacterial count which occurred under the same 
conditions (Figure 28).
Table 85 shows the endotoxin concentrations present in water 
samples from eleven home dialysis units where patients were 
experiencing symptoms of pyrexia, rigors, or hypotension, during 
haemodialysis; one asymptomatic home dialysis patient (Mrs. A.T.) 
is also included since she was used as a control for a symptomatic 
patient (Mr. N.M.) who used the same mains water source. The 
samples tested included mains water entering the house, the treated 
water (soft or de-ionised) used to prepare dialysate, and the treated 
water used for washing off dialysers which were to be re-used; wash 
off waters were normally stored in a 2-3 gallon tank mounted high on 
the wall in order to deliver water at standard pressure to the 
dialyser, and the contents of the tank were used to wash off the 
interior (blood) side of the dialysing membrane.
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Both the mains and treated waters in T a b l e  85 showed a wide 
range of endotoxin concentrations, although the levels seen in 
mains waters were generally lower than those of treated waters.
The endotoxin concentrations present were not dissimilar to those
I
found in the waters used by asymptomatic home dialysis patients in 
the Brighton area (Table 83)f and with one exception, were no higher 
than the endotoxin concentrations found in dialysates from the 
dialysing compartments of R.S.P. machines in Brighton (Table 8&).
One home dialysis patient (Mr. G.W.), although supervised by the 
Guy's Hospital R.D.U., did in fact live in the Brighton area and 
thus used the same mains water supply as many Brighton patients.
In view of the similar endotoxin concentrations found in waters used 
in units where haemodialysis was uneventful and those where adverse 
reactions were experienced during treatment, it seemed unlikely 
that such reactions could be attributed to the endotoxin levels of 
waters or dialysates.
However, the cases reported in. Table 85 did have certain common 
factors which were not shared by Brighton patients. All of them 
used machines of modern design which prepared and pasteurised the 
dialysate by means of a proportionating pump and heat exchange system. 
Furthermore all of them used a flat bed (Kiil) dialyser which was 
re-used after washing out the blood with water and sterilising with 
formaldehyde; since the wash-off waters used for this purpose con­
tained high levels of endotoxin (Tabled ) it seems possible that the 
practice of re-using dialysers was responsible for the adverse 
reactions seen during haemodialysis. Since Brighton patients did not 
re-use their coil dialysers they did not have wash off tanks which 
might be used to supply control material in order to test this hypothesis.
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h. Endotoxin concentrations in culture filtrates
Previous studies had shown that the bacterial flora of 
dialysates from Brighton (Table 36 ) and other units (Table 49) 
consisted of a restricted number of genera; it therefore seemed 
of interest to know whether the bacterial genera concerned 
differed markedly in their ability to produce endotoxin. In 
addition, since all of those patients suffering adverse symptoms 
during haemodialysis were using machines which heated dialysate 
to 80-85*C, it was thought possible that heating bacterial cells 
might cause them to liberate endotoxin, thus increasing the con­
centration of free (as opposed to cell bound) endotoxin in dialysates.
In order to investigate the*se two possibilities, bacteria 
were grown in dialysate prepared with pyrogen free water for 24 
hours. The cultures were then well mixed, counted by the Miles 
and Misra method, and an aliquot of each passed through a dis­
posable membrane filter of 0.22Jum pore size. The cultures were 
then heated at 85°C for five minutes and a further aliquot removed 
and filtered. Endotoxin assays were then performed on the culture 
filtrates. The bacteria used for this experiment were all recovered 
from dialysates with the exception of Escherichia coli which was 
isolated from urine.
Table 8 6 shows the results of endotoxin assays carried out on 
unheated and heated culture filtrates. Pseudomonas aeruginosa 
produced the highest endotoxin concentration, producing approximately 
ten times as much endotoxin as Escherichia coli, Klebsiella pneumoniae, 
and Acinetobacter; however since only Acinetobacter produced visible 
growth in the incubation period used, when calculated on an endo-
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toxin per cell basis, E. coli, P. aeruginosa and K. pneumoniae, 
were of similar toxicity, while Acinetobacter produced only 
small amounts of endotoxin. Since the Bacillus culture contained 
no more endotoxin than the uninoculated media control, this 
isolate was presumably unable to produce endotoxin; this is in 
agreement with the work of Quarles et al. (1974) who, when working 
with a haemodialysed goat, were able to produce symptoms of endo- 
toxaemia with a Serratia culture in dialysate, but not with a 
Bacillus isolate, even when the latter was used at very high cell 
densities.
In no case was the free endotoxin concentration of a culture 
increased after heating, and in one case (P. aeruginosa) the level 
was slightly less after heating. This finding fails to support the 
traditional, but possibly now obsolete view, that endotoxins are 
released in relationship to cell death. Such negative results 
would seem to indicate that pasteurisation of dialysate is not 
responsible for the adverse symptoms seen during haemodialysis; it 
does however remain possible that heating might alter the endotoxin 
molecule in such a way as to facilitate passage across haemodialysis 
membranes without affecting Limulus activity.
Table 87 shows the results of experiments in which 6 isolates 
of Pseudomonas paucimobilis obtained from the waters of home dialysis 
units where patients were experiencing pyrexia during haemodialysis, 
were used. Cultures were'grown in CLED broth prepared with pyrogen 
free water, and incubated for three days since this species was 
known to grow slowly; filtrates of unheated cultures and cultures 
heated to 85°C for five minutes were prepared and assayed for endo­
toxin. Although the incubation period used was longer and the cell 
densities of cultures higher, P. paucimobilis filtrates showed lower
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endotoxin concentrations than the culture filtrates of Gram negative 
bacilli reported in Table Filtrates of heated cultures of
P. paucimobilis showed the same endotoxin levels as filtrates of 
unheated cultures.
Although P. paucimobilis was found in waters .of many home 
dialysis units where patients were experiencing pyrexia during 
haemodialysis, the concentrations of endotoxin produced by this 
species were too low to suggest an aetiological relationship with 
the symptoms seen.
i. Endotoxin and haemodialysis membranes
Since published observations on the ability of endotoxins to 
pass through haemodialysis membranes were contradictory, the 
following experiments were carried out in order to investigate this 
possibility. The cuprophane used in these experiments was obtained 
from an unused coil dialyser supplied by Bently Laboratories Inc., 
California, in which the membrane was in the form of a flattened 
spiral tube 570 cm long and 12 cm wide; for use, portions were 
removed using endotoxin free instruments and a no-touch technique.
In order to confirm that the unused membrane was endotoxin 
free, strips of membrane 2 x 1 2 cm were placed in bottles containing 
2 ml. of pyrogen free water and shaken for 30 minutes; the unabsorbed 
water was then tested by the slide technique and shown to be endo­
toxin free. '
Since some fractions of endotoxin were known to be insoluble 
in water, the results above were confirmed by performing tests by 
the micro technique on the membrane surface itself.
tv;
■t.w
Figure 30
Illustrates the method used to perform LAL tests on the surface 
of membranes. A piece of membrane was placed over a pyrex glass 
ring (bottom right) and secured with a rubber band to form a 
tambour (top right). The membrane was then hydrated and vaseline 
circles impressed upon the surface (top left); micro LAL tests 
were then performed within these circles.
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Portions of membrane 12 x 12 cm were placed over 8 cm Pyrex glass 
rings and loosely secured with elastic bands; 5 ml. of pyrogen free 
water was then placed on the surface of the membrane and left for 
five minutes during which time the membrane absorbed water and 
expanded. The membrane was then stretched by pulling on the 
folded edge until the surface was completely flat and formed a 
tambour. The tambour was then shaken to remove excess water and 
placed in an incubator until no free moisture was visible, although 
the membrane substance remained fully hydrated. A series of vaseline 
rings were then impressed upon the surface of the membrane, in 
which micro tests were carried out; tests on membranes were incubated 
in petri dishes sealed with Sellotape. Figure 30 shows the steps in 
the preparation of the tambour, and the method of performing tests 
upon the membrane surface; the reagents in this illustration were 
stained in order to facilitate photography.
Table 8 8 shows the results obtained when a pyrogen free water 
and a 50 ng/ml. endotoxin preparation were tested for endotoxin on 
a microscope slide and on a membrane. All six tests made on the 
pyrogen free water were negative on both the slide and the membrane, 
while all tests on the endotoxin preparation Were positive on both 
surfaces. When tests were read with a capillary tube, the reaction 
mixture rose higher from tests made on the surface of microscope 
slides; it is probable that these slight differences were due to 
absorbtion of water by the membrane with consequent concentration 
of the reaction mixture. From these results it was concluded that 
unused membrane was free from endotoxin, and that the performance of 
micro tests on the membrane surface was an acceptable technique.
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In a second series of tests, tambours were prepared as already 
described, and concentric vaseline rings were impressed on both the 
upper and lower surface of the membrane. In six of these rings 
10 jul of a 500 ng/ml. endotoxin preparation was placed on the under 
surface of the membrane before testing pyrogen free water on the 
upper surface of the membrane. Positive tests (50 ng/ml.) and 
negative tests using pyrogen free water were tested on the upper 
surface of the same tambours.
Table 89 shows the results of these tests. All tests made on 
the 50 ng/ml. endotoxin preparation were positive with a mean rise 
in the capillary of 2.5 mm, while all tests made on the pyrogen 
free water controls were negative with a mean rise of 7.2 mm in the 
capillary. When the pyrogen free water was tested on the top 
surface of the membrane with a 500 ng/ml endotoxin preparation below, 
being separated only by the stretched hydrated membrane, all tests 
were negative with a mean rise in the capillary of 9.8 mm; the 
greater rise in these tests as compared with the negative controls 
was probably due to decreased absorbtion of water where the membrane 
had fluid applied to both surfaces.
From these results it was concluded that the portions of 
membrane tested did not permit the passage of endotoxin from one 
surface to the other. However such a conclusion is referable only 
to the small area of-membrane actually tested, and it seems likely 
that the total membrane surface within a coil might contain flaws 
which permit the passage of endotoxin at certain points.
In a final series of tests, an endotoxin preparation was diluted 
in order to determine the lowest concentration which still gave a 
positive test result (0.5 ng/ml.). This dilution was then added to 
5 x 1 2 cm strips of membrane in bottles, in amounts which just gave
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a small volume of residual fluid after the membrane was hydrated.
The residual fluid was then tested for endotoxin by the slide 
technique, In all of six tests the residual water gave a positive 
test for- endotoxin, suggesting that endotoxins are not selectively j
adsorbed to the surface of membranes; this finding is significant 
since patients who re-use dialysers, usually rinse out the blood 
compartment with endotoxin containing water, and often suffer from 
pyrexial episodes during haemodialysis.
2. Clinical studies
a. Serological studies using Pseudomonas paucimobilis antigens
Investigation of home dialysis units where patients were 
experiencing pyrexial episodes during haemodialysis, had shown 
that Pseudomonas paucimobilis was a common, and often predominant, 
constituent of the bacterial flura of the waters used. It there­
fore seemed pertinent to examine the sera of such patients for anti­
bodies to R paucimobilis, since parenteral contact with this 
species might result in concomitant pyrexia and antigenic stimulation.
The following serological experiments were conducted as a 
blind trial intended to demonstrate antibodies present in the sera 
of patients experiencing pyrexial symptoms, which were absent from 
the sera of patients enjoying uneventful haemodialysis. The 
Cai^shalton renal unit supplied three numbered sera from dialysis 
patients, one of whom (Mr. H.P.) had suffered repeated pyrexial 
episodes during treatment. The Hull renal unit supplied five 
numbered sera from dialysis patients, one of whom (Mr. A.H.) had 
also suffered repeated pyrexial episodes during treatment. The sera 
of these two problem patients were not identified until all the sero­
logical tests had been completed.
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Six isolates of P. paucimobilis were used including isolates 
from the treated waters used by Mr, H.P. and Mr. A.H., and in a 
series of serological tests, antigens prepared from these six 
isolates were tested against all eight sera from haemodialysis 
patients. Since the object of these tests was to demonstrate any 
immunologic relationship between the patients sera and P. paucimobilis, 
a variety of antigenic preparations were used. Standardised whole 
cell suspensions were used in tube agglutination and fluorescent 
antibody tests; culture filtrates were used in complement fixation 
tests and in counter current immunoelectrophoresis (CCIE) tests; 
cell suspensions disrupted by an ultrasonic probe were used for 
CCIE tests.
Three antigenic suspensions containing flagellar (H), somatic 
(0 ), and capsular (K) antigens, were prepared from each of the six 
P. paucimobilis isolates, for use in agglutination tests. Each of 
the eight sera were then tested against the eighteen antigenic 
suspensions, at a screening dilution of l/25. No ^agglutinating 
antibodies to P. paucimobilis were demonstrated in any of the sera.
Filtrates of one week old cultures of P. paucimobilis in CLED 
broth were used as antigens in complement fixation tests. All eight 
sera were tested against six culture filtrates in tests using 2  
minimal haemolytic doses (MHD) of complement. No complement fixing 
antibodies were detected in any of the sera tested.1
Fluorescent antibody tests were performed on P. paucimobilis 
suspensions dried on multispot PTFE coated slides. All eight sera 
were tested against all six isolates. No sensitising antibodies 
to P. paucimobilis were detected in any of the sera tested.
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Suspensions of P. paucimobilis treated with an ultrasonic 
probe were used as antigens in tests for precipitating antibody 
made by the counter current immunoelectrophoresis (CCIE) technique.
All eight sera were tested against ultrasonicates of all six 
isolates. The results of CCIE tests are shown in Table 90- The
serum of Mr. H.P. gave a clear cut precipitin line with two of the
antigens used, but these precipitin lines were no longer seen when 
the serum was retested at a dilution of l/lO; it was therefore 
assumed that the responsible antibody was present only in low titre.
Mr. A. H., who like Mr. H.P. had suffered pyrexia during haemodialysis, 
showed no precipitating antibodies in his serum. Of the six sera 
from patients who were dialysing uneventfully, three showed faint 
precipitin lines to one of the six antigens used.
Since reactive sera were now available, an attempt was made to
increase the sensitivity of CCIE tests by varying the duration of 
ultrasonication from 1 - 1 0  minutes; it was found that optimal 
sensitivity was given by the two minutes of cell disruption originally 
used, and that when ultrasonication was prolonged to eight minutes 
the resultant antigen-gave negative results with the known reactive 
sera. The culture filtrates used in complement fixation tests were 
also tested by CCIE but gave uniformly negative results.
Since no standard antisertxi to P. paucimobilis were available 
the serological tests described were performed without the use of 
positive controls. However, since all of the test procedures were 
in routine use (with other antigens) in this laboratory, there was 
reason to believe that the results obtained when using P. paucimobilis 
antigens were valid.
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' The absence of high titre antibodies to P. paucimobilis in the 
sera of two patients who had suffered repeated episodes of pyrexia 
during haemodialysis, failed to substantiate the hypothesis that 
such symptoms were due ±o parenteral contact with this species or 
its growth products; indeed the complete absence of any detectable 
antibody in the serum of one of these patients suggests that such 
an aetiological relationship was improbable.
The presence of low titre precipitating antibodies ±o 
P. paucimobilis in the serum of three subjects enjoying uneventful 
haemodialysis, and in the serum of one patient experiencing pyrexia 
during treatment, suggests that some antigenic stimulus by this 
species might occur during haemodialysis, although it is possible 
that the presence of such antibodies is due to antigenic overlap 
with other species. A further study in which the sera of non 
dialysed subjects are included might clarify the situation.
b. Temperature recordings of haemodialysed patients
Although the occurrence of pyrexial episodes during haemodialysis 
is a well recognised phenomenon, the problem is unevenly distributed 
in renal units within the United Kingdom. In a series of temperature 
recordings in the Leeds renal unit which covered a period of 468 
patient months, Robinson and Rosen (1971) found 450 pyrexial 
reactions, an incidence of one reaction per patient month; pyrexial 
reactions were defined as a rise in temperature to 37.8°C (100°F) 
or the occurrence of rigors during haemodialysis, and patients 
having a raised temperature prior to treatment were exluded from 
the series. Pyrexial episodes were also common in the renal units 
at Hull, Carshalton, and Guy's Hospital, and these units supplied 
most of the problem patients described in the last section of this 
chapter.
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By contrast, the local medical and nursing staff considered 
that such reactions were extremely rare in the Brighton renal unit, 
although since no routine temperature recordings were made this 
opinion was difficult to substantiate. The absence of such reactions 
in a renal unit using machines and dialysates which were known to be 
contaminated with large numbers of viable bacteria, was particularly 
significant, since the dialysates used in renal units where pyrexial 
episodes were common, were all pasteurised prior to use. This being 
the case, if it could be proved that such episodes did not occur in 
the Brighton renal unit, it would follow that they were not due to 
bacterial contamination of dialysate per se.
Routine temperature recordings were made in the Brighton renal 
unit for a period of one month. Twenty patients had their tem­
peratures taken before, during and after haemodialysis; 2 0 0  haemo­
dialysis treatments were monitored by 600 recordings during the 
period of study.
The highest temperature recorded in this series was 37.4°C 
and no other symptoms such as rigors or hypotension, which might 
be ascribed to dialysate contamination, were seen in the patients 
used for the study. Table 91 shows the mean temperatures of each 
of the patients used. The highest mean temperatures for a single 
patient before, during and after treatment, were 36.78°C, 36.79°C 
and 36.99°C respectively, while thd mean temperature for all 
patients in the same periods were 36.22°C, 36.33°C, and 36.45°C 
respectively.
The mean temperatures of all twenty patients were similar 
suggesting that individual patients did not vary in their thermal 
response to haemodialysis as practiced in the Brighton unit.
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The slight rise in the mean temperature during treatment corresponds 
to the diurnal variation seen in normal subjects, in whom the 
lowest body temperatures occur in the morning.
It was concluded that contaminated dialysates, such as those 
used at Brighton, were certainly not the cause of pyrexial reactions; 
either such reactions were entirely unrelated to dialysate contam­
ination, or complementary factors were required in order to elicit 
them.
c. The incipience of infections in haemodialysed patients
Uraemic patients have a susceptibility to infectious disease 
which is not seen in healthy subjects (Lawrence, 1965) and the 
surgical procedures to which haemodialysed patients are subjected 
serve to increase the probability of infection occurring. The 
possibility that the cause of such infections might originate in 
contaminated dialysate has given impetus to the development and 
sale of modern dialysis machines which pasteurise dialysate before 
use. However in spite of the investment in machines of this type, 
there is little evidence to suggest that infections due to 
dialysate colonising bacteria were ever very common.
Published studies on shunt infection report that most are due 
to Staphylococcus aureus, probably of autogenous origin, while 
only very few are due to species which are known to colonise 
dialysate (Curtis, 1967; Martin et al., 1968; McIntosh et al., 1969; 
Levi et al., 1970; Rebel et al. 1975).
The continued use in Brighton of haemodialysis machines which 
did not pasteurise dialysate, and which were often used in such a 
way as to promote the spread of bacteria in dialysate (Figure 29),
i '
provided an opportunity to compare the infection rates seen in
patients when contaminated rather than pasteurised dialysates were used.
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The case notes of twenty patients who were treated in the 
Brighton unit between November 1970 and February 1974, were 
examined for evidence ofclinical infections which could be sub­
stantiated by laboratory reports. Patients were chosen merely 
because their case notes were readily available; few were treated 
for the entire period of study, some commencing treatment after 
1970, and some leaving the haemodialysis programme when they had 
established functioning kidney homografts. The case notes did 
not record individual treatment sessions, but the data available 
suggests that these patients had a collective haemodialysis treat- 
ment period of40 patient years; this would correspond to approx­
imately 6 , 0 0 0  sessions of treatment.
To provide a control group, the case notes of patients treated 
in Guy*s Hospital renal unit were also examined. All of the control 
patients were using machines which pasteurised dialysate, and most 
used plate dialysers which restricted the spread of dialysate.
The control group consisted of 43 patients having had a collective 
haemodialysis treatment period of 170 patient years; this would 
correspond to some 25,000 sessions of treatment.
When extracting laboratory reports from case notes, the 
following investigations were not included; examinations of faeces, 
examination of throat swabs for Streptococcus pyogenes and nose 
swabs for Staphylococcus aureus, examinations of sputum which 
yielded no significant growth or a growth of obligate parasites 
(i.e.Haemophilus influenzae or Streptococcus pneumoniae), and 
specimens yielding pathogenic anaerobes.
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Isolates were considered significant when the reporting 
laboratory had performed antibiotic sensitivity tests. The 
isolation of significant Gram positive cocci was considered to 
be unrelated to dialysate contamination; some isolations of 
Enterobacteriaceae were possibly related to dialysate contamination, 
but since most isolations were from urine samples, it is probable 
that they were of autogenous origin; both Acinetobacter and 
Pseudomonas are common in dialysate and it is possible that such 
isolates originated from this source, although the ubiquity of 
“these organisms permits many other possible sources.
Table 9 2 shows the information collected from the case notes 
in both units. The total treatment periods are approximate since 
neither unit kept records of individual treatment sessions; the 
figures given are based on entries in case notes indicating a 
patients entry or exit from the haemodialysis programme. The 
number of cultural investigations carried out per patient year 
were higher in the Brighton unit; these numbers may be influenced 
by the habits of laboratory usage and by the care with which case 
records were kept. The number of significant isolates from 
clinical samples per patient year was low in both units, but were 
higher in the Brighton unit (0.78) than in the Guy*s Hospital 
unit (0.24). In both units an approximately equal number of 
significant Grjam positive and Gram negative isolates were recorded.
Table 93,shows the significant isolations of Gram positive 
cocci, Enterobacteriaceae, Pseudomonas, and Acinetobacter, broken 
down into sources, and as isolations per patient year. Gram 
positive cocci (mainly Staphylococcus aureus) were the commonest 
single cause of infection in both units: the majority of these
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isolates were obtained from arterio-venous shunt swabs (shunt) 
and a miscellaneous group of samples (others) most of which were 
swabs from surgical wounds.
Urine samples were the source of most Enterobacteriaceae 
isolates in both units; most isolates were identified as 
Escherichia coli, which when found in urine samples, are usually 
considered to be of autogenous origin.
Although Pseudomonas isolates from all sources combined were 
more common in the Brighton unit, the isolation rate from shunt 
swabs per patient year was higher in the Guy’s Hospital unit 
(0.029) than in the Brighton unit (0.025); this suggests that 
shunt infection due to the aerial spread of dialysate from the 
R.S.P. machine is uncommon.
The number of Acinetobacter isolates from both units were small. 
Blood cultures were the commonest source of this organism, but it 
is known that the incidence of Acinetobacter as part of the skin 
flora is particularly high in patients with kidney disease, and 
that this phenomenon is likely to be the cause of contamination of 
blood culture systems (Al-Khoja and Darrell, 1979).
Taken overall, the infection rates per patient year in both 
units were low enough to be acceptable to those responsible for 
the medical care of the patients concerned; while any single 
—  episode of infection is to be deplored, it is axiomatic that all
!t
medical and surgical procedures do contain inherent risks even 
when performed under the best possible conditions. Although the 
infection rates were higher in the Brighton unit, this was true 
of infections due to all groups of micro-organisms studies, and
i
not just those involving bacteria known to contaminate dialysate;
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this would seem to indicate that the different infection rates 
demonstrated, were associated with other factors involved in 
patient care rather than dialysate contamination. In this context, 
such factors as the inclination to use laboratory facilities 
than to rely on clinical acumen, and the prophylactic administration 
of antibiotics, come readily to mind.
It was concluded that while the use of contaminated dialysates 
was not desirable on hypothetical grounds, they did not in practice 
represent an infection hazard to the patients involved.
d. The success rates of renal replacement therapy
If the contamination of dialysate has clinical significance 
in the practices of haemodialysis and post haemodialysis kidney 
transplantation,, the degree of such contamination might be expected 
to affect the success rates of renal replacement therapy; thus the 
success rates in the Brighton unit where dialysates were known to 
be heavily contaminated, might be expected to be lower than in 
other units.
A comparative study of the success rates of renal replacement 
therapy in Brighton and other units, was in fact contemplated.
However a search for suitable data, and discussions with the medical 
consultants in charge of the Brighton renal unit, indicated that 
such a study was not likely to be useful, due to the many technical 
and therapeutic variations which exist in different units. Among 
such variations in haemodialysis techniques are, the method of 
water treatment used, the type of haemodialysis machine and dialyser. 
used, and the practice of re-using dialysers. There are also 
variations in the age ranges and disease states of patients accepted 
for treatment, some units refusing to treat patients with multi- 
systemic disease affecting organs other.than the kidney.
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Similar variations also exist in the practice of kidney 
homograft transplantation. Thus some units may prefer to use 
kidneys obtained from live donors (usually parental or sibling) 
rather than cadavers, and the immunosuppressive therapy used to 
prevent rejection of grafted kidneys also varies.
Even in the absence of therapeutic variations between renal 
units, it is doubtful whether the success rates of treatment could 
be linked to dialysate contamination, since the numbers of relevant 
cases in an individual unit would be too small to have statistical 
significance. The collective European annual success rates of renal 
replacement therapy are issued by the Registry of the European 
Dialysis and Transplant Association, and are based on the form of 
therapy used and not on the performance of individual units. The 
commonest causes of death of renal patients are recorded as myo­
cardial ischeamia, cerebral vascular accident, malignancy and 
suicide, and deaths attributable to infection are relatively
, 1 I
uncommon.
In view of the many variations which exist in the practice 
of renal replacement therapy in different renal units, and the 
nature of the parameters used to monitor the success rates of such 
therapy, it is difficult to see any way in which the data available 
could be validly related to dialysate contamination.
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e. Case histories of some haemodialysis patients
While most of the results reported in this thesis relate to 
the fluids used by renal units in the U.K., a number of individual 
patients were investigated because they were suffering from pyrexial 
episodes or other adverse symptoms related to their haemodialysis 
treatment. These investigations were requested by technicians in 
several renal units who had become aware of the facilities offered 
at Brighton following the national survey of dialysates reported in 
Table 35.
All but two of the case histories reported below relate to 
home dialysis patients, and in almost all cases except those super­
vised by the Hull renal unit, the homes were visited. Visits were 
never made while treatment was in progress since it was not possible 
at such times to dismantle the equipment used in order to take 
samples. The clinical symptoms reported were based on descriptions 
given by renal unit technicians and the patients themselves, which 
were in some cases supported by temperature charts and records kept 
by the patients. The supervising medical staff were not questioned 
since they rarely visited home dialysis installations.
Investigation of home dialysis units included discussion of 
the techniques used by patients, description of the symptoms exhibited 
and their relationship to treatment periods, and inspection and 
sampling of the water treatment and haemodialysis equipment used.
The samples taken included the mains water supplied to the house and 
treated water from various points in the flow; any tanks used for 
water storage were sampled and examined for the presence of extra­
neous materials. Samples of dialysate concentrate, and dialysate 
from the haemodialysis machine were also taken. Other miscellaneous 
samples were taken when investigations suggested that they might be 
relevant.
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The samples taken were examined by microscopy, qualitative and 
quantitative culture for bacteria, culture for fungi and amoebae, 
and assay for endotoxin. Since the number of samples taken from 
individual units was often extensive, only those results thought 
to be significant are reported in the following case histories.
Case 1. Miss C.B., a young lady supervised by the Brighton renal 
unit had suffered from renal failure for six years during which time 
she had received two unsuccessful kidney transplants. She had been 
dialysed uneventfully at home for three years, but in the last six 
months had suffered recurrent pyrexial episodes which started after 
one hour of treatment.
Her home installation and treatment routine was checked by the 
technical and nursing staff and found to be satisfactory, but she 
continued to suffer from pyrexial episodes during which body tem­
peratures up to 39.8°C were recorded. During a visit made to her 
home, a wet dialysing coil in a plastic bag was found standing in 
a bucket; enquiries revealed that this dialyser was ready for use 
at the next treatment session two days later.
Before coil dialysers are used, the blood compartment must 
be filled with pyrogen free saline, and left for 15-30 minutes 
during which time the membrane absorbs water and becomes pliable; 
this process is known as ’priming1 the dialyser. When a membrane 
breaks during treatment, a replacement dialyser must be primed 
before treatment can continue, which causes some delay. In order 
to avoid such a delay, this patient was keeping a spare dialyser 
in a primed condition ready for immediate use; in the absence of 
a membrane breakage, the primed dialyser was used for the next 
treatment session two or three days later, and a further dialyser 
primed as a replacement. Since membrane breakage was the exception
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rather than the rule, this patient was routinely using dialysers 
which had been filled with pyrogen free saline and stored in a 
bucket at room temperature for two or three days.
A ready primed dialyser was removed for examination, and the
patient subsequently dialysed uneventfully using a freshly primed
dialyser. In the laboratory the blood compartment of this dialyser
was aspirated; yielding a turbid fluid containing Pseudomonas putida
8at a cell density of 10 c.f.u./ml; this organism grew well at 30°C 
but failed to grow at 37°C.
It was clear that this patient's symptoms were due to the use 
of contaminated ready primed dialysers, the contents of which entered 
her circulatory system when they were used. The high cost of dialysers 
prohibited a study to establish the manner in which they become con­
taminated during the priming process. The thermal growth ambient 
of the isolate involved might explain how blood cultures taken during 
pyrexial episodes in the past, had yielded negative reults, since 
they were incubated at 37°C in a clinical microbiology laboratory.
The practice of pre-priming dialysers was discontinued, and the 
patient's treatment was uneventful after this time.
Case 2. Mr. P.G., a middle aged man supervised by the Brighton 
renal unit, also suffered from pyrexial episodes during haemodialysis.
He was of a stoic disposition, seldom Complained, and considered that
• / i
occasional pyrexial episodes were a normal consequence of haemodialysis; 
his case did not come to light until after enquiries were made 
following Case 1. He was also using ready primed coils. His home 
was not visited, and he had kept no record of his temperature during 
treatment sessions.
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The contents of a ready primed dialyser from his home were 
aspirated and yielded a clear fluid containing Pseudomonas putida , 
at a cell density of 40,000 c.f.u./ml. Fluid from the plastic 
bag holding the dialyser was turbid, and cultures showed a mixed 
flora including Pseudomonas putida and Pseudomonas aeruginosa, 
with a cell density of 80 x 10^ c.f.u./ml.
It seemed likely that this patient's alleged symptoms were 
associated with the use of ready primed dialysers. The practice 
of pre-priming was discontinued, after which he dialysed uneventfully.
Case 3. Mr. J.C., a middle aged man supervised by the Brighton 
renal unit, suffered a single episode of pyrexia while being treated 
in the hospital unit; he had just been given one unit of cross­
matched blood and one unit of intravenous saline. He was given 
anti-histamine (Piriton) and his temperature dropped from 40.8°C 
to 36.5°C, leaving a residual pruritis which was treated with calo- 
mine lotion.
The investigation of this episode included a blood culture, 
culture of transfused blood and intravenous saline, and culture of 
dialysate used for treatment. All cultures were incubated at 30°C. 
None of these cultures yielded significant growth, and no endotoxin 
was detected in the intravenous saline used. A check of the cross­
matching procedure used failed to—reveal any incompatibility in the 
transfused donor blood.
The consultant medical staff concluded that this reaction was 
due to the presence of leucocyte antibodies in this patient, 
resulting from many blood transfusions given in the past.
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Qase 4. Mrs. A.M., a middle aged lady supervised by the Guy's 
Hospital renal unit, had been treated by uneventful home dialysis 
for three years. She had recently suffered episodes of pyrexia 
during haemodialysis, and was becoming increasingly apprehensive 
about her treatment. The samples examined from her unit included 
mains and deionised water, and dialysate.
Cultural investigations and endotoxin assays on these samples 
yielded no significant findings, but Pseudomonas paucimobilis was 
isolated from her mains water; this was the first recognised 
isolation of this organism from renal unit samples. The water 
treatment and haemodialysis equipment used by this patient were 
stripped down and cleaned, after which she dialysed uneventfully.
Case 5. Mr. H.P., a middle aged man supervised by the Carshalton 
renal unit, had been treated by uneventful home dialysis for three 
years. In the last six months he had suffered intermittent episodes 
of pyrexia during haemodialysis which were increasing both in 
frequency and severity; these had necessitated occasional haemo­
dialysis treatments in the hospital unit where he dialysed unevent­
fully.
His home was owned by the local authority who had allocated it 
for haemodialysis use, and it had been occupied by two previous 
patients who were treated there without incident. The local water 
board Tiad been working on the mains close to his home but his * 
symptoms had antedated this work. Samples of mains water from his 
home had recently been examined by Toxicol Laboratories (Ledbury, ; 
Herts.) who found no significant response to the rabbit pyrogen test. 
The Sutton Water Company had also examined mains water from his home 
and found 27 chemical and microbiological parameters used, to be
i '
within acceptable limits.
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Investigation of this unit revealed the presence of two 
filter units, one containing a coarse cotton filter, and the 
other containing a fine ceramic charcoal filled filter candle. On 
examination both filters were covered with a slimy layer, and cultures 
of water from these filters yielded a profuse mixed bacterial growth 
with Pseudomonas paucimobilis predominating. Cultures taken from 
the surface of the ceramic filter yielded a profuse growth of a 
rapidly growing aerobic organism resembling an actinomycete. The 
soft water entering the haemodialysis machine had a bacterial count 
of 1 x 10^ c.f.u./ml. with P. paucomofcilis predominating, and an 
endotoxin concentration of 500-5,000 ng/ml. The mains water in the 
house had a bacterial count of less than 1,000 c.f.u./ml. and an 
endotoxin concentration of 5.0 ng/ml.
Following these investigations the complete water installation 
was stripped down, cleaned, and disinfected with formaldehyde.
Samples taken subsequently showed no significant findings and no 
P. paucimobilis were isolated from any of the sampled examined.
The patient dialysed uneventfully after this work had been carried 
out.
Subsequent experience has shown that the installation of 
filters into water systems used by haemodialysis patients are never 
performed as aseptic procedures, resulting in contamination* of 
both the afferent and efferent sides of the filter;! when in use, 
such filters accumulate bacteria from water on their afferent 
surface, while providing a large surface to which bacteria can 
adhere and grow on their efferent surface. Laboratbry experiments 
using coloured water have shown that when large filters are used 
at the low flow rates used in haemodialysis, blind spots exist at
the bottom of the filter holder in which little or no water movement 
occurs.
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Case 6. Mr. G.W., aged 16 years was a home dialysis patient 
supervised by the Guy*s Hospital renal unit, although his home 
was in the Brighton area. He had been treated uneventfully for 
one year but had recently suffered episodes of hypotension and 
nausea during haemodialysis for which his mother had administered 
intravenous saline. His temperature had not been recorded during 
these episodes.
Both the unit and the equipment used appeared to be clean and 
well cared for, but discussions with the patient's mother revealed 
that during the re-building of his Kiil Dialyser, the dry membranes 
used were placed on the dialyser base, and a water soaked poly­
urethane sponge rubbed over the surface in order to make the mem- 
.brane pliable and to keep it flat. Compression of two of these 
sponges yielded small volumes of turbid fluid having bacterial 
counts of 54 x 10^ c.f.u./ml. and 96,000 c.f.u./ml. respectively, 
and endotoxin levels of 5,000-50,000 ng/ml and 5,000 ng/ml. res­
pectively.
Microscopic examination of the fluids expressed from these 
sponges showed large numbers of bacteria which suggested that the 
total bacterial count was substantially higher than the viable 
bacterial count recorded; stained films showed both Gram positive 
and Gram negative bacterial cells, and fragments of fungal mycelium. 
Cultures made on Sabourauds dextrose agar yielded a profuse mixed 
fungal growth including Phoma, Rhinocladiella, Cladosporium, 
Cephalosporium and Phialophora. Differential bacterial cultures 
yielded a profuse mixed growth but no Escherichia coli, Pseudomonas 
aeruginosa or Pseudomonas paucimobilis, were isolated.
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Figure 31
A section of a sponge from the unit of Mr. G.W. The sponge 
material is seen as faintly stained triangular bodies and the 
interstices of the sponge can be seen to be lined with bacterial 
and fungal growth. This sponge was used to smooth the dialysing 
membrane when rebuilding the patient's dialyser.
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Stained sections of the two sponges showed them to contain 
large numbers of bacteria, the majority of which were aggregated 
around the polyurethane substance of the sponge. Figure 31 shows 
a micrograph of one of these sections; when sectioned transversely, 
the ground substance of the sponge is seen as a series of triangles.
As a result of these investigations, the patient was instructed 
not to use sponges when re-building his dialyser, and he has been 
treated uneventfully since that time.
Case 7. Mr. B.N., a middle aged man, was treated by home dialysis 
under the supervision of Guy*s Hospital renal unit. He was treated 
uneventfully for several years, but in recent months he had suffered 
episodes of pyrexia during haemodialysis which were increasing both 
in frequency and severity. His temperature during these episodes 
was recorded as high as 4l.l°C, some of these attacks necessitating 
discontinuation of treatment at home; when transferred to the 
hospital unit he dialysed uneventfully.
In an attempt to alleviate his problem a number of modifications 
had been made to his home unit; these included the installation of 
a mains water filter, replacement of softened water by de-ionised 
water, and the installation of a scavenger cylinder to supplement 
the de-ionising system; the technical staff of the unit considered 
that the scavenger cylinder would prevent colonisation of the de­
ionising resins, as well as prolonging their active life before 
regeneration was needed.
The room used by this patient for treatment was very crowded 
since it contained much equipment. Figures 32-37 show some of the 
contents of the room, while Figure 3 shows the Multipoint dialyser 
which was also situated in this room; these illustrations show the
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Figure 32
A mains water filter fitted on the east wall of the home dialysis 
unit of Mr. B.N. The mains pipe rises in the bottom right of the 
photograph, leading to a non return valve, a stopcock, "ilter 
unit, and a pressure regulating valve. All water authorities 
insist on the use of non return valves when haemodialysis machines 
are connected to the mains. The filter unit had been recently 
installed in an attempt to overcome this patient's pyrexial problems.
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Figure 33
The water treatment plant in the home dialysis unit of Mr. B.N. 
His pyrexial episodes during treatment had started while he was 
using water from the softener (background), but continued after 
this had been replaced by a scavenger cylinder (partly obscured 
by the haemodialysis machine on the left) and two de-ioniser 
cylinders (centre and right). The mains water filter can just be 
seen in the background.
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IFigure 34
The sink unit on the south wall of the home unit of Mr. B.N.
This sink was used when washing off, disinfecting, and rebuilding 
the Multipoint dialyser. The long tube looped from the left is 
the drain from the dialyser, while the tube coming from the top 
of the photograph is a formaldehyde line fed from a plastic 
reservoir (seen in Figure 35) which is used to disinfect the dialyser.
The left hand tap is for hot water, and the other two taps are for 
mains water. The tap on the right has a tube attached to it which 
is used when washing out the dialyser; water sampled from this tube 
yielded a pure growth of Pseudomonas paucimobilis (Figure 38).
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*Figure 35
A shelf on the south wall of the home dialysis unit of Mr. B.N.
On this shelf are stored a variety of disinfectants, medicaments, 
and reagents required for haemodialysis. On the right is a 
plastic reservoir containing 0.4 per cent formaldehyde which is 
used for disinfecting the dialyser.
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Figure 36
The west wall of the home dialysis unit of Mr. B.N. The shelves 
hold the disposable items (software) used in haemodialysis; 
supplies of the items are delivered regularly from the supervising 
unit at Guy's Hospital.
404
Figure 37
The north wall of the home dialysis unit of Mr. B.N. The Dylade 
haemodialysis machine is situated next to the bed where the 
patient can observe the monitors during treatment. Above the 
machine a pair of Spencer-Wells forceps are mounted on the wall; 
these are used to clamp off the arterial blood flow immediately 
if the dialysis membrane breaks.
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Figure 38
The culture plates were inoculated with mains water sampled from 
the water hose used by Mr. B.N. to wash out his dialyser; the tap 
and hose are shown in Figure 34.
i
The plate Qn the left contains Columbia agar which shows no 
growth; the plate on the right contains CLED agar which has 
yielded a profuse growth of Pseudomonas paucimobilis.
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large number of items which may be found in a home dialysis unit, 
many of which present opportunities for bacterial proliferation, . 
and which must be investigated when examining such a unit.
Many samples were taken from this unit. The mains water 
entering the house was found to be of good quality, but when mains 
water was sampled from the filter unit (Figure 32) it had a bacterial 
count of 1.1 x 10^ c.f.u./ml., and contained many motile protozoa 
and algae. Mains water sampled from the wash off line (Figure 34) 
had a bacterial count of 24,000 c.f.u./ml. and differential cultures 
yielded a pure growth of Pseudomonas paucimobilis (Figure 38).
Treated waters taken from the scavenger cylinder and de-ionising 
cylinders had bacterial counts between 85,000 - 146,000 c.f.u./ml., 
and contained many motile protozoa resembling Euglena. Pseudomonas 
paucimobilis was isolated from both de-ionising cylinders.
A water sample obtained from the header tank of the Dylade 
haemodialysis machine used by this patient yielded a profuse mixed 
fungal growth with Phialophora predominating; amoebae were also 
isolated from this sample. The header tank is a small glass chamber 
containing ceramic beads; all water entering the machine passes 
through this chamber for the purpose of de-aeration.
Although most water samples obtained from this unit had high 
bacterial counts, none of the samples tested had an endotoxin con­
centration higher than 50 ng/ml.
The interpretation of test results obtained by examining 
samples from this unit posed many problems since many changes had 
recently been made in treatment routines in an attempt to alleviate 
this patient*s problems; in many cases it was not clear when
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specific items of equipment were last used. It was however clear 
that much of the equipment had been subject to bacterial colonisation 
during periods of disuse, and would need attention before they 
could be used again.
The water treatment plant, haemodialysis machine and dialyser, 
were stripped down, cleaned and disinfected, and the patient then 
returned to home dialysis on a permanent basis. . He continued to 
suffer occasional episodes of pyrexia during treatment, but these 
were leSs frequent and less severe than previously seen, and did 
not necessitate his return to hospital haemodialysis.
Case 8. Mr. N.M., a middle aged man receiving haemodialysis
treatment within the Hull renal unit, suffered occasional episodes
of pyrexia while being treated; at this time other patients treated 
in the hospital unit also suffered pyrexial episodes but less 
frequently than Mr. N.M.
Samples of mains water and soft water were taken during one of 
these episodes, and sent to Brighton by post. Pseudomonas paucimobilis 
was the predominant species present in cultures of these samples.
The mains water sample had an endotoxin concentration of 50-500 ng/ml., 
while the concentration in the soft water sample was 500-5,000 ng/ml.
Shortly after these tests were made, the water softener in the
hospital unit was replaced by a reverse osmosis plant (Osmonics Ltd.);
• , ' i
tests showed that the mains water entering the plant (feed watex) 
had an endotoxin concentration of 50-500 ng/ml., but the permeate 
(product water) had an endotoxin concentration of 0.5-5.0 ng/ml. 
Following the installation of reverse osmosis in the unit, the
number of pyrexial episodes experienced by patients decreased. Soon
after this time Mr. N.M. was transferred to his own home dialysis unit
t ‘
where his treatment was uneventful.
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Although no records of pyrexial reactions or temperature 
recordings were kept in the Hull unit, the staff were of the 
opinion that such reactions were seasonal, being most frequent in 
the summer months. This seasonal variation has been noted else­
where (Hindman et al. 1975). Since the reverse osmosis plant was 
installed in the Hull renal unit in September 1977, the decrease 
in the frequency of pyrexial episodes which followed, might merely 
be part of a seasonal trend.
Case 9. Mrs. E.F., a middle aged lady was treated by home dialysis 
supervised by the Hull renal unit, for a~period of one year. In 
December 1977 she started to complain of nausea and a moderately 
raised temperature (not recorded) although she did not show the 
high pyrexia and rigors sometimes seen in haemodialysed patients.
Her symptoms sometimes followed the first use of the dialyser, 
although most patients exhibiting pyrexia during treatment in the 
Hull unit, usually do so only when the dialysers are being re-used.
Samples of mains and softened water were sent to,Brighton 
where cultures yielded a profuse mixed growth including Pseudomonas 
paucimobilis. The endotoxin levels of mains and softened waters 
were 0.5 ng/ml. and 0.5-5.0 ng/ml. respectively.
The renal unit staff suspected that the techniques used by 
this patient when re-building and washing out her dialyser were 
faulty. She was taken into the hospital unit for retraining, after 
which she returned to uneventful home dialysis.
Case 10. Mr. A.H., a middle aged man was treated by home dialysis 
supervised by the Hull renal unit, for three years. During September 
1977 he suffered episodes of pyrexia, sometimes accompanied by rigors, 
during haemodialysis; although no records were kept, he was said to 
have suffered from similar episodes during late summer 1976.
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Between October 1977 and February 1978, many samples of mains 
and treated waters from his home unit were sent to Brighton for 
examination. Microscopic examination of mains and softened water 
sampled during October showed the presence of numerous algae, , 
while cultures yielded a profuse fungal and bacterial growth which 
included Pseudomonas paucimobilis. The endotoxin concentration of 
the mains water sample was 5,000 ng/ml., while the concentrations 
present in several soft water samples tested varied from 5.0-50,000 
ng/ml.
Many modifications were made to his unit in an attempt to 
alleviate his problem; these included the insertion of an ultra­
violet water steriliser into the mains water system in an attempt 
to prevent bacterial colonisation of his water softener, disin­
fection of his softener resin bed with formaldehyde, and finally 
the installation of a reverse osmosis plant.. Samples of reverse 
osmosis water sent for testing had endotoxin concentrations of 
0,5 ng/ml.
Following the installation of the reverse osmosis plant,
Mr. A.H. experienced no further pyrexial episodes during haemo­
dialysis. In February 1978 the reverse osmosis plant was removed 
from his unit, and he then continued to treat himself uneventfully 
using softened water.
Case 11. Mr. J.E., a frail elderly man had been treated by 
uneventful home dialysis supervised by the Guy's Hospital renal 
unit for six years. Due to his poor state of health he was unable 
to rebuild his dialyser, and had been using disposable dialysers for 
some time. He had recently taken a two week holiday at a centre
i
for dialysis patients during which time his home was unoccupied.
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On his return he suffered episodes of pyrexia and intense headache 
which occured 3-4 hours after the commencement of dialysis; these 
episodes were of sufficient severity to necessitate his return to 
treatment in hospital, where he dialysed uneventfully.
Samples of mains water from his unit had a bacterial count of
1,000 c.f.u./ml., and an endotoxin level of 5.0 ng/ml. pseudomonas 
paucimobilis was isolated from a mains water hose which had been 
used for washing off his dialyser in the past, but which was not 
in current use.
The first flow of water from his softener showed gross con­
tamination by bacteria (400,000 c.f.u./ml.), fungi, and protozoa 
including amoebae; a centrifuged deposit of this water yielded a 
reddish brown amorphous deposit. After running off soft water for 
five minutes a second sample was taken which had a bacterial count 
of 3,000 c.f.u./ml. and an endotoxin concentration of 50 ng/ml.
While taking soft water samples, a strong odour resembling 
hydrogen sulphide was noted by all three observers present, although 
this had not been noticed by the patient previously. This odour was 
equally pungent in samples taken after five minutes, as in the 
first water flow. It seemed probable that this patient*s symptoms 
during treatment were due to sulphide contamination of the water 
used, following stagnation and bacterial proliferation of the 
softener resin. Headache is a well recognised symptom of Sulphide 
intoxication (Muir, 1977), and the presence of reddish broyn 
deposits in piped waters is said to be indicative of the presence
of iron and sulphate reducing bacteria (Windle-Taylor, 1958). __
The water softener in this patients home was replaced by a new unit, I 
after which his treatment was uneventful*
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Case 12. Mr. D.F.,.a middle aged man had been treated by uneventful 
home dialysis supervised by the Brighton renal unit for seven years.
He was a chicken farmer and his home was approximately one mile from 
the nearest mains water source; he had laid on a private supply 
from the mains using plastic pipework over which he had laid an 
approach road to his home and farm. The house had been built in the 
18th century, and had a second water supply pumped from a well which 
was situated under the house. The water supply used for haemodialysis 
was interconnected to both the well, and large reservoirs situated 
in the roofs of the battery chicken houses; when this unit was 
visited, all stopcocks in the interconnecting pipework were in the 
open position and it seems probable that the water supply to the 
softener used for haemodialysis, would come from the source having 
the highest hydrostatic pressure.
Water samples from this patient"s home unit were previously 
taken during 1977 in a survey of home units supervised by the 
Brighton renal unit (Table 13); these showed bacterial counts of 
1 x 10^ c.f.u./ml. in both mains and softened waters, a finding 
which was not seen in the waters of any other unit. Although 
Mr. D.F. was dialysing uneventfully at that time, the technical 
staff of the unit were worried about these results, and at some 
time during 1978, inserted a large filter unit into his mains water 
flow at a point just prior to his softener.
Following a two week holiday period during which time the 
home unit was unused, Mr. D.F. suffered intense headaches during 
1 and after haemodialysis; these symptoms started towards the end of 
his treatment but persisted for periods of 1-2 days.
Many samples of mains and treated waters were taken during an 
investigation of his unit. During sampling it was noted that the 
soft water had a strong odour of hydrogen sulphide which did not 
decrease in intensity as water was run off for twenty minutes. 
Although he had not mentioned it before, when questioned the patient 
agreed that he had noticed the odour, which had appeared only after 
his holiday. . It was also noted that the filter unit, in which a 
white cotton filter had been fitted previously, had turned black; 
when removed from the unit, the filter was covered in a black 
deposit, and when dissected showed blackening throughout the entire 
substance of the filter (Figure 39). The filter also smelt strongly 
of sulphide.
It seemed probable that during the period of disuse occasioned 
by the patient*s holiday, the water system had stagnated and become 
colonised by sulphate reducing bacteria; the presence of a large 
filter housing sealed off by a long water run, and containing a 
cotton filter, would provide suitable anaerobic conditions and1a 
source of organic nutrient as a basis for such colonisation.:
The filter unit was immediately removed from the water-system 
and the softener was flushed with 4 per cent formaldehyde. Following 
these measures the patient resumed uneventful haemodialysis.
Case 13. Mrs. V.D., a middle aged lady on home dialysis super­
vised by the Guy's Hospital renal unit for six years, had suffered
:i
episodes of shivering followed by pyrexia daring treatment for the 
last eighteen months. She was married with one child of school age, 
and was working full time, and in consequence was possibly neglect­
ful in her haemodialysis routine.
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Figure 39
A cotton filter removed from the home dialysis unit of Mr. D.F. 
who suffered intense headaches after haemodialysis treatment.
The filter unit and soft water used by this patient had a strong
sulphide odour, and the white cotton filter was covered with a
black deposit.
In the photograph the outer windings of the filter have been
removed to show the black deposit which was situated in the spaces
in the filter but not in the windings themselves.
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Over a period of several months, three sets of samples of 
mains and treated waters were sent to Brighton by rail; these 
all showed gross bacterial contamination and Pseudomonas paucimobilis 
and amoebae were isolated from all samples.
Following these investigations the unit was visited in order 
to obtain fresh samples under controlled conditions. It was not 
possible to sterilise the taps by heat before taking mains water 
samples since they were of plastic construction, but a mains water 
sample taken after running off water for five minutes had a bacterial 
count of 43,000 c.fiU./ml., and an endotoxin concentration of 
50-500 ng/ml. A soft water sample taken at the point of entry to 
the haemodialysis machine had a bacterial count of 27,000 c.f.u./ml. 
and an endotoxin concentration of 500 ng/ml; differential culture 
of this sample yielded a mixed flora including Pseudomonas aeruginosa 
and Pseudomonas paucimobilis. Water from a dialyser wash off line 
had a bacterial count of 90,000 c.f.u./ml. and an endotoxin con­
centration of 500-5,000 ng/ml; differential culture of this sample 
yielded a mixed flora including Pseudomonas paucimobilis.
Many modifications were made to this patient's unit in an 
attempt to alleviate her problems, but without success. The use of 
disposable dialysers made pyrexial episodes less frequent but did 
not eliminate them.
This patient continues to suffer from occasional pyrexial 
episodes, but minimises her problem by the use of re-circulation 
haemodialysis. Patients who have had much experience of pyrexial 
episodes during haemodialysis, sometimes develop prodromal pre­
monition similar to that seen in chronic malaria, and are thus able 
to take prophylactic action. Patients who are aware that pyrexia
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is imminent, or who are suffering a pyrexial episode, disconnect 
themselves from the dialyser, but leave it running, during which 
time the blood within the dialyser is continuously circulated.
After 30-60 minutes recirculation, the patients reconnect them­
selves to the dialyse^but the pyrexial episode c{o not occur, or 
are of minimal severity (Pavitt, 1978). The rationale of this 
procedure is not understood but it is used with effective results 
by many haemodialysis patients.
Case 14. Mr. G.H. a middle aged man had been treated by unevent­
ful home dialysis supervised by the Guy’s Hospital renal unit for 
two years. He had recently suffered pyrexial episodes accompanied 
by rigors during treatment, but his temperature was not recorded. 
When his re-usable dialyser was substituted by disposable dialysers, 
these episodes no longer occured.
Samples of mains and softened water from his unit were of 
good quality with bacterial counts of<500 c.f.u./ml. and 3,000 
c.f.u./ml. respectively; the endotoxin concentrations of both 
samples was 5.0 ng/ml.
Soft water from a dialyser wash off. tank had a bacterial 
count of 8 x 10^ c.f.u./ml., and an endotoxin level of >5,000 ng/ml; 
differential culture of this sample yielded a mixed flora including 
Pseudomonas paucimobilis.
The water installations in this unit were stripped down, 
cleaned and disinfected with formaldehyde, after which this patient 
returned to uneventful home dialysis using a re-usable dialyser.
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Case 15. Mr. M.M. a 15 year old schoolboy, had been treated by 
uneventful home dialysis supervised by the Guy's Hospital renal 
unit for two years. Following a two week holiday in August,
during which time his unit was unused, he suffered pyrexial
episodes with rigors and headaches during treatment. The symptoms 
experienced immediately after his holiday were mild, but had 
increased in severity, and from October he was re-circulating his 
dialyser for one hour during treatment (see case 13).
Samples of mains water were taken on 30.10.79. by the North
Surrey Water Company for examination in their laboratory. The 
result issued showed the mains water to have a bacterial count of
39,000 c.f.u./ml. after three days at 22°C, with no Escherichia coli 
or Pseudomonas aeruginosa present in 100 ml. Other tests showed 26 
physical and chemical parameters used to be within acceptable limits.
The unit was visited for sampling on 20.11.79. A mains water 
sample had a bacterial count of 5,000 c.f.u./ml. and an endotoxin 
concentration of 50 ng/ml., while a soft water sample had a bacterial 
count of 24,000 c.f.u./ml. and an endotoxin concentration of 50-500 
ng/ml. v
A soft water sample from a dialyser,wash off tank had a 
bacterial count of 49,000 c.f.u./ml. and an endotoxin concentration 
of 50-500 ng/ml. Differential culture of this sample yielded a
i
mixed flora which included Pseudomonas paOcimobilis.
Following these investigations the water treatment plant in 
this unit were stripped down, cleaned, and disinfected with form­
aldehyde, after which this patient resumed uneventful haemodialysis.
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Summary of case histories
The significant results obtained when fifteen patients 
suffering from side effects of haemodialysis treatment are reported. 
In two of these (cases 1 and 2) there is evidence that the patients 
concerned were suffering from bacteraemia due to faulty technique 
when priming their dialysers.
Two patients were using soft water contaminated with sulphide 
(cases 11 and 12) following holiday periods when their water treat­
ment plant was left unused, while a third patient (case 15) also had 
problems following a holiday period although contamination with 
sulphides was not suspected; in all three of these cases, headache 
was a prominent symptom.
One patient (case 6) had problems which were apparently related 
to the use of heavily contaminated polyurethane sponges which were 
used to smooth dialyser membranes; it is probable that during this 
procedure, the blood compartment of the dialyser became grossly 
contaminated with both bacterial cells, and free endotoxin.
One patient (case 3) suffered a single episode of pyrexia 
during treatment which wasassociated with blood transfusion.
Such reactions are well recognised in medicine, and are usually 
attributed to an antigen antibody reaction, or toxicity of the sodium 
citrate anticoagulant used.
Pseudomonas paucimobilis was recovered-from the waters used 
by ten of the fifteen cases investigated; nine of these patients 
were suffering from repeated episodes of pyrexia during treatment.
The most common samples leading to isolation of this species were 
waters sampled from hoses used to wash off dialysers which were to 
be re-used. Attempts to establish a serological relationship
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between such patients and P. paucimobilis were unsuccessful, and 
it has been shown that this species was present in the waters 
used by some patients whose treatment was uneventful. It does 
however remain possible that the presence of this species might 
be used as a marker of a degree of water contamination which is 
likely to be associated with pyrexial problems during haemodialysis.
Pyrexial problems during haemodialysis are more likely to 
occur when dialysers are re-used since this practice had a recognised 
morbidity (Wing et al., 1978). The complete absence of pyrexial 
episodes associated with contaminated water, in Brighton patients, 
and the relative frequency of such reactions in patients supervised 
by the Carshalton, Hull, and Guy’s Hospital units, all of whom re­
use their dialysers, confirms the published morbidity associated 
with re-use.
419
DISCUSSION
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Discussion
The inaugural years of new scientific disciplines are 
often of a dynamic nature and involve many innovations before 
the basic theories and techniques governing the widespread 
application of the discipline are established. When, as in 
haemodialysis, such a discipline has both life saving applications 
and involves large sums of both capital and recurring expenditure, 
the period of innovation and change is likely to be both unusually 
active and prolonged^- The inaugural years of haemodialysis between 
1960-80 have seen many changes, and these are still continuing; 
it is against this changing background that the interpretation and 
practical application of the results given in this thesis must be 
set. These variations affect both the administrative background 
to haemodialysis and the techniques used.
The financial resources available for haemodialysis are 
affected by both public attitudes which have resulted in much 
voluntary fund raising in the p a s t ,  and governmental expediency at 
a time of national economic stringency. Medical opinions differ 
on the relative merits of haemodialysis, peritoneal dialysis, and 
kidney transplantation, as alternative forms of long term renal 
replacement therapy, and upon the age range and medical status of 
the patients who should receive such therapy. Neither is it clear 
whether haemodialysis treatments are best given in the home or in 
the hospital, although it is known that the former requires more 
capital expenditure and the latter more recurrent expenditure 
(Hansard, 1977). Many decisions which have yet to be made, such 
as general acceptability of dialyser re-use or disposal, will have
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microbiological consequences, and until a consensus of medical, 
governmental and possibly public opinion, results in a unified 
policy for renal replacement therapy, it will not be possible 
to determine the precise nature or magnitude of the associated 
microbiological problems.
Even simple variables such as the duration of individual 
treatment sessions are likely to involve the microbiologist, 
since microbiological problems, like bacterial numbers, are likely 
to have an exponential relationship to time. It has been shown 
in the Brighton unit that many patients may reduce their total 
treatment time from twenty seven to eleven hours per week without 
ill effects (Trafford et al., 1979); both the decrease in the the 
duration of haemodialysis treatments, and the corresponding 
increase in time intervals between uses of equipment, have obvious 
microbiological implications.
But it is the technical details of haemodialysis which 
provide most points of interest for the microbiologist; variations 
in the preparation and use of water, dialysate, haemodialysis 
machines, and dialysers, present many opportunities for micro­
bial proliferation. In particular, the growing practice of re­
using dialysers (Wagnild et al. 1977), which has a known morbidity 
(Wing et al., 1978), would seem to be worthy of microbiological 
studies. Such a study has not been possible in the Brighton unit 
since to date, they have not re-used dialysers.
At the commencement of this work in 1974, the diversity of 
attitudes, equipment, and techniques, which existed in the field 
of haemodialysis^ were not fully appreciated. The work was there­
fore planned on the false assumption that the unit at Brighton was 
a typical renal unit. Furthermore, the published reports of
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infective and pyrexial episodes existing in other renal units, led 
to the belief that such episodes would be found at similar 
frequencies in the Brighton unit. With the benefit of hindsight, 
it is now clear that a microbiological study based primarily on the 
Brighton unit, while providing much useful information related to 
the use of a particular type of haemodialysis machine, fails to 
adequately encompass some of the problems which are now known to 
occur more frequently in other units. The recognition of the 
limitations of the original plan of study has necessitated deviation 
from the original aims and expectations, and the ijiclusion of 
studies based upon other renal units.
<X. The microbiology of waters
Since treated waters have never been stored in tanks in the 
Brighton renal unit, and freshly drawn softened waters have a 
qualitative and quantitative bacterial flora which is not dis- , 
similar to that of mains water (except under conditions of 
stagnation or disuse), it was not appreciated at the commencement 
of this work, that microbiological studies of water would form a 
major part. Contact with other renal units where patients having 
pyrexial problems during treatment were using freshly prepared 
dialysates, but the waters from which they were prepared were stored 
in tanks, necessitated studies of the waters used.
_Mains waters which have been sampled under good conditions by
experienced workers, have generally been shown to have viable
3 obacterial counts below 10 c.f.u./ml. when incubated at 30 C for
two days; this has been true of waters used by Brighton patients,
and of those waters used by patients in other units in southern England.
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Such results have merely confirmed the opinion which many would 
share, that mains drinking waters within the United Kingdom are 
of an acceptable microbiological quality; Such an opinion is 
substantiated by the absence of epidemic water borne disease in 
this country.
It is however possible that the microbiological parameters 
and standards used to assess the potability of drinking waters, 
are quite inappropriate for waters used in haemodialysis. Thus 
published studies of pyrexial reactions during haemodialysis 
have suggested that there might be a seasonal phenomenon related 
to the presence of algae and endotoxins in mains waters (Hindman 
et al., 1975) although the concentrations of these constituents 
are not normally used in the evaluation of drinking waters.
Studies of pyrexial reactions suffered by patients in the Hull 
renal unit have also shown a seasonal incidence. The fact that 
this seasonal incidence of disease has been noted in only certain 
renal units suggests that geographical or topographical factors 
may be involved.
Although mains waters contain few bactejria when freshly 
drawn> even the purest waters will support bacterial growth when 
left to stand (Favero et al., 1971), even though they contain no 
recognised nutrients. Discussions with technical personnel employed 
in renal dialysis units have revealed a lack of awareness of the 
potential for bacterial growth which exists in standing waters, 
particularly when they are in contact with tap fittings, tanks, 
and hoses used for water distribution. Studies in the Brighton 
unit have shown that the plastic hoses fitted to soft water outlets 
(Figure 11) were subject to colonisation by bacteria and fungi 
(Table 6 7), and that the stagnant water contained within them 
between uses may be grossly contaminated.
- 424
The consequences of such contamination may be minimised by 
periodic disinfection of hoses or other fitments, or by running 
off water to drain prior to their use; attempts have been made 
to persuade renal unit staff to use such good practices (Flowers, 1978).
The water hoses used by patients supervised by the Guy's 
Hospital unit were of particular concern; these were fitted with 
a spring loaded connecting valve at the distal end, which pre­
vented the flow of water except when the hose was fitted to a 
dialyser or haemodialysis machine. A valve of this type can be 
seen fitted to a wash off line in Figure 34. Such valves prevented 
the contents of the hose from draining when not in use, and ensured 
that the stagnant contents were passed into equipment when it was 
finally used; attempts to dissuade the staff of the unit from 
fitting such valves were unsuccessful since they were a very con­
venient method of making a leakproof connection between the hoses 
and equipment.
If it were judicious to use untreated mains waters for the 
preparation of dialysate, it is possible that many of the micro­
biological problems associated with the practice of haemodialysis 
would not have arisen. In the early days of haemodialysis, mains 
waters were in fact used to prepare dialysates in many units, but 
the well documented problems which were associated with variatipns 
in the concentrations of chemical constituents of water (Drukkdf,
1968; Barbour 1971; Alfrey, 1972) now make it necessary to treat 
all mains waters before use,with water softeners, de-ionisers, or 
reverse osmosis units.
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Bacterial colonisation of water softening resins (Stamm et al., 
1969) and de-ionising resins (Nazarey et al. 1974) is well re­
cognised. Studies with a laboratory resin column ( T a b l e  14 ) showed
that under standard conditions of use, the aolonisation level reached
5 *a steady state, which was approximately 1 0 c.f.u./ml. in the first
flow of water from the column used; more detailed studies suggested 
that this steady state might be associated with concomitant colon­
isation by fungi and amoebae. When serial samples of water were 
drawn from the column, bacterial counts showed that only the first 
flow of water was grossly contaminated (Table 15) while subsequent 
samples had bacterial counts which approximated to those found in 
the input mains water. However, agitation of the resin column 
caused a sharp rise in the bacterial count of effluent water, 
showing that many bacteria remain trapped within the column.
It was therefore to be expected that the microbiological 
quality of treated waters was less satisfactory than that of mains 
waters, although the differences which exist could be minimised by 
rejection of the first flow of water from treatment plants. How­
ever, the medical problems which may follow the use of untreated 
waters for dialysate preparation, are so well recognised as to out­
weigh the hypothetical dangers which might follow the use of con­
taminated treated waters. The infrequency of pyrexial episodes and 
water borne infections in the Brighton unit, where few active steps 
have been taken to improve the hygiene of treated waters used, 
suggests that this assessment of priorities is probably correct; 
it would also seem to suggest that such problems do not arise from 
the use of contaminated treated waters perse, but from the manner 
in which they are used.
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Storage tanks for mains and treated waters are to be found in 
many renal units, although they are not used in the Brighton unit. 
Samples taken from large storage tanks used for dialysate pre­
paration (Table 18) were always found to contain larger numbers of 
viable bacteria than mains water samples. Although such tanks 
were always clean and covered, only one unit (Carshalton) was known 
to empty the tank at regular intervals for disinfection and cleaning.
Small water tanks were also commonly used for washing out re­
used dialysers at standard pressure; the contents of these tanks 
were passed through the blood compartment-of the dialyser until 
the effluent was no longer blood stained, and the dialyser was then 
filled with formaldehyde until the next use. Samples taken from 
such tanks were often turbid and had high bacterial counts, While 
the hoses attached to them were a common source of Pseudomonas 
paucimobilis.
Although it is known that many factors such as excess copper 
in water may cause pyrexia during haemodialysis (Lyle et al., 1976), 
discussions with renal unit personnel have revealed that when such 
symptoms occurred they were normally attributed to microbial con­
tamination of the water supply. The usual remedial action taken 
was not to clean out the water treatment and storage plant, but to 
add filters, de-ionisers, or scavenging resins, to the existing 
equipment; Figures 32-37 show how complex such water installations 
may become. Although such additions were made with the'intention 
of removing micro-organisms or their products from the water used 
to prepare dialysate, in practice they ensured that such: substances 
were retained within the water system by physical impedepce or by 
the provision of large surface areas to which micro-organisms might 
attach themselves. The accumulation of organic materials within the
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water system is likely to neutralise residual chlorine irT mains 
water, and provide a source of nutrient on which microbial pro­
liferation may be .based. The mere addition of a greater variety 
of structural materials may promote bacterial growth since it is 
known that many of the materials used in plumbing installations 
provide nutrient sources for micro-organisms (Burman and Colbourne, 
1977).
The intermittent use of water, which was a particular feature 
of home dialysis units, provided the time necessary for bacterial 
proliferation to occur. It might be noted at this point that 
three of .the patients referred to in the clinical section of this 
thesis, (cases 11, 12 and 15) suffered problems which followed a 
summer holiday during which time their water installations were 
unused. The fact that vacations were more commonly taken in the 
summer months, when room temperatures were most favourable for 
bacterial growth in stagnant waters, might have been a further 
contributory factor in the seasonal incidence of pyrexial reactions 
which has been referred to.
The experience gained from examination of water installations 
in renal units, and studies of patients suffering adverse symptoms 
related to haemodialysis treatments, have indicated that the 
following factors might be worthy of further study or practical 
trials:-
1. Waters which are suitable for drinking might not be of an 
acceptable microbiological quality for haemodialysis. There is 
a need for studies to provide a definition of the standards 
required for haemodialysis waters; such a standard might include 
acceptable levels for constituents such as algae, fungi, and 
endotoxin, which are not used in standards for potable waters.
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2. Water treatment and distribution equipment should be as 
simple as possible, and should contain as few structural 
materials as possible. Installations should be made in con­
junction with microbiological testing and the product waters 
should be monitored for contamination levels.
3. The data produced by routine monitoring should be used to 
formulate suitable routines for the cleaning and disinfection of 
water installations, in order to prevent accumulation of organic 
deposits. Many patients are convinced of the benefits of routine 
formaldehyde disinfection of water treatment plant (Eady, 1977), —  
but in many units this is only practiced after problems have 
occurred. Formaldehyde disinfecting routines have been described 
for de-ionising plant (Katz et al., 1976), but many renal unit 
personnel are deterred from using formaldehyde due to it’s toxicity 
(Orringer and Mattern, 1976).
4. Waters used for haemodialysis should not be permitted to 
stagnate in the equipment used for treatment, storage or dis­
tribution. Equipment should be of small volume, and the afferent 
and efferent tubing sited in such a way as to encourage rapid 
throughput. Home dialysis patients should be encouraged to run 
off water every day, or spurs put on the system which lead to 
outlets which are in daily use.
It is possible that a decrease in the number of patients
treated by home dialysis, and a corresponding increase in the 
number of patients using limited care units within hospitals where 
several patients share the same equipment, might result in decreased
contamination rates due to intensive use. In this respect it is
perhaps unfortunate that home dialysis is much more favoured in 
the U.K. than in most other countries where it is regarded as 
less acceptable (Friedmann et al., 1978). Home dialysis would
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seem to encourage under use of water treatment installations, 
to increase the number of installations required, and to increase 
the problems of service and maintenance.
If the simple measures suggested above do not provide waters 
of suitable microbiological quality for haemodialysis, and 
additional water treatment devices are required, it is important 
that they do not cause the accumulation of bacterial cells within 
the installation. Three methods of treatment which avoid such 
accumulation would seem to have potentially useful application in 
haemodialysis, reverse osmosis, ultra-violet irradiation, and 
anodic oxidation.
Reverse osmosis units are known to be used in several hospitals 
for the production of dialysis waters, for washing out dialysers, 
and for the preparation of peritoneal dialysates. The latter 
application is important since reverse osmosis removes endotoxins, 
which if present in peritoneal dialysates, are known to cause 
aseptic peritonitis (Karanicolas et al., 1977). Studies of reverse 
osmosis waters from the Hull renal unit (Table 17) suggested that 
this form of water treatment was capable of removing both bacterial 
cells and endotoxin, although the presence of viable bacteria in 
some of the samples indicated the need to avoid contamination of 
the outlets from which waters were drawn. Although the capital
costs of reverse osmosis plants are greater than water softeners
•;'i
or de-ionisers, where large volumes of water are used, the costs 
per unit volume of water are comparable with all three methods. 
Reverse osmosis is therefore particularly applicable to hospital 
units where the water volumes used are higher.
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Ultra-violet water sterilisers have been used in hospitals 
for many years, mainly for the production of sterile rinsing 
and irrigation waters in operating theatres. They are occasionally 
used in haemodialysis units in an attempt to prevent microbial 
colonisation of water softeners. Three irradiated waters from the 
Hull renal unit have been shown to contain viable bacteria and a 
wide range of endotoxin concentrations (Table 17). If such 
equipment is to have widespread use in haemodialysis units, there 
will be a need for microbiological studies to monitor the conditions 
of installation and use.
The principle of anodic oxidation would seem to have possible 
applications in the treatment of haemodialysis waters, and 
experimental studies with a portable unit have shown it to have 
activity against a wide range of bacteria (Table 21 and 2 2 ). A 
specification, for a larger unit suitable for use in a home dialysis 
unit, has been supplied at the request of the manufacturers, but to 
date they have, not responded.
b. The microbiology of dialysates
The first demonstrations of dialysate contamination in the 
Brighton renal unit were made during routine control of infection 
studies in 1968 (Table 3); these demonstrations provided the 
impetus for further studies which have culminated in the presentation 
of this thesis. Various workers have drawn attention to the bacterial 
contamination of dialysates (Table 4), and maximal permissible levels 
of contamination have been proposed (P.H.L.S., 1968; Favero et al., 
1974a). Although the routine microbiological monitoring of 
dialysates has been suggested, no units are known to carry out such 
monitoring on a routine basis.
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Examination of dialysate concentrates used in a number of 
renal units has shown that they do not contain large numbers of 
viable bacteria (Table 29 ) although many may contain small numbers 
of sporing Gram positive bacilli. It is probable that this 
relative freedom from contamination is related to hypertonicity 
(Bower et al., 1966) and to toxicity of the acetate anion 
(Richardson and Borchardt, 1969). Acetate toxicity is particularly 
active against Pseudomonas and is used in the treatment of super­
ficial infections due to this organism (Phillips et al.# 1968).
It seems unlikely that the restricted flora of dialysate con­
centrates is of major significance although Bacillus isolates which 
are normally considered non-pathogenic do sometimes cause serious 
infections (Barnham and Taylor, 1977)f and rare episodes of Bacillus 
cereus bacteraemia have been recorded in renal units where large 
numbers of patients were being dialysed by means of a large single 
tank of dialysate (Curtis et al., 1967). This method of tank pre­
paration of dialysate for multiple use is not known to be used at
the present time.
Examination of prepared dialysates from many units between 
1975-79 have shown that the levels of bacterial contamination are 
often high (Table 35). The contamination levels found in dialysates 
from machines having proportionating pumps and heat pasteurising 
systems, wer^ lower than the levels found in dialysates from 
machines which were disinfected chemically or which contained 
dialysate tanks.
/
In the Brighton and Portsmouth renal units where dialysates 
were prepared in tanks, freshly prepared dialysates usually had 
bacterial counts below 1 0 c.f.u./ml., which approximated to the
counts of the waters from which they were prepared (Tables30 & 31 ).
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The bacterial counts of tank dialysates rose during the treatment 
period but were still below 1 0 c.f.u./ml, at the termination of 
treatment (Table 30 ). These results would seem to indicate that 
dialysate is not a particularly good medium for rapid bacterial 
growth, although when dialysates are stored in tanks for longer 
periods, high levels of contamination must be expected (Table 6 8 ).
By contrast, dialysates which had had contact with the
dialysing membrane and thus contained nitrogenous waste from the
patient, showed much higher bacterial counts than unused dialysates.
In the Brighton unit, samples from dialysing compartments had
bacterial counts over ,1 0 c.f.u./ml. and counts were usually seen
to rise during the treatment period (Table 30). Similar samples
taken in the Portsmouth (Table 31 ) and Canterbury (Table 32 ) renal
3 5units had bacterial counts between 1 0 - 1 0  c.f.u./ml. although the 
equipment used was very different from the equipment in Brighton. 
Only in the Guy's Hospital unit, were some used samples of dialysate 
found to be free from viable bacteria (Table 33), although para­
doxically this unit had many patients who exhibited pyrexia during 
haemodialysis.
Dialysate samples examined in a national survey to which 25 
renal units responded, also indicated that the growth promoting 
qualities (Table 34 ) and bacterial counts (Table 35) of unused 
dialysatejs, were less than those of dialysates containing nitro­
genous waste. !
Experiments with a laboratory based haemodialysis machine 
indicated that while the presence of the dialyser (Table 64 ) and 
nitrogenous waste (Table 63) had a marked effect on the bacterial 
counts of dialysates, the effect of temperature was minimal.
433
The prolonged storage of dialysates in tanks is known to be 
associated with high levels of bacterial contamination (Sherris 
et al., 1961); this is to be expected in a fluid which contains 
easily utilised carbon sources such as glucose and sodium acetate. 
Studies of topping up tanks (mobile dialysate trolleys; Figure 26) 
used to store dialysate in the Brighton unit, showed that the 
contents usually had bacterial counts above 1 0 ^ c.f•u./ml. exce pt 
when they were freshly prepared (Table 6 8 ). Such dialysates were 
frequently used in the unit between 1974-75 without causing overt 
symptoms in the patients being treated. When such tanks were 
sampled at different levels, (Tables 73 and 74 ) bacterial counts 
were seen to be highest in samples taken from the bottom of the 
tanks. Since routine samples were taken from the upper levels of 
the tanks, the bacterial counts recorded probably represent minimal 
levels.
The storage of dialysates in topping up tanks in the Brighton 
unit during 1974-75 was necessitated by the low capacity of the 
water softener used. Installation of a larger water softening unit 
subsequently made the use of such tanks unece_ssary. By contrast, 
many modern units which used haemodialysis machines containing 
proportionating pumps, found it necessary to store water in large 
tanks, since such machines functioned best when fed with water at 
standardj pressure. From the microbiological standpoint, the 
storage 'of water (Table 18) is probably preferable to the storage 
of dialysate (Table 6 8 ).
«
Although dialysates prepared freshly by proportionating pumps 
might be expected to contain fewer viable bacteria than those 
prepared in tanks, studies have shown that this is not necessarily
true when' dialysates are sampled at the point of contact with the
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dialysing membrane. Thus tank dialysates sampled in the Portsmouth 
renal unit (Table 3 1 )  contained fewer viable bacteria than freshly 
prepared dialysates in the Canterbury renal unit (Table 32.), but 
more than were demonstrated in freshly prepared dialysates in the 
Guy's Hospital renal unit (Table 3 3 ). It would therefore seem 
that the number of viable bacteria present , in dialysates cannot 
be predicted from the type of equipment used, but requires micro­
biological monitoring as suggested by the P.H.L.S. Working Party 
(P.H.L.S., 1968). However, since patients of the Guy's Hospital 
unit who were treated with dialysates containing Tew viable 
bacteria, frequently suffered episodes of pyrexia during treatment, 
which were not known to occur in other units where patients used 
dialysates containing larger numbers of viable bacteria, it would 
seem likely that viable bacterial counts alone are not a useful 
guide to the acceptability of dialysates. Possibly the viable 
counts of waters used to prepare dialysates would be a more useful 
parameter.
The basis of bacterial growth in dialysates does not seem to 
have been the subject of detailed studies, and it is generally 
assumed that the growth promoting qualities of dialysates are : 
related to their dextrose content (Gutch and Stoner, 1975; Wing 
and Magowan, 1975). Tests in which freshly prepared dialysates, 
and dialysates containing nitrogenous waste, were compared with fa 
nutrient medium (Table 51 ), suggested that pure dialysates wereii, 
a comparatively poor bacterial growth medium, although the growth 
promoting qualities of dialysates was enhanced by the addition of 
nitrogenous waste. It is probable that this limited ability to support 
bacterial growth is responsible for the limited range of bacterial 
species found in dialysates (Tables 4 and 4 9 . ) ,  and for the absence 
of well recognised human pathogens, such as pyogenic cocci, from 
the dialysate flora.
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Studies in which Acinetobacter# Pseudomonas and Klebsiella 
were inoculated into minimal media with and without added carbon 
sources (Table 52) ! sho.wed that while sodium acetate was utilised 
by all three groups, dextrose was not utilised by Acinetobacter*
These results would seem to cast doubt on the role of dextrose in 
dialysate as a preferred substrate. Moreover, it was also shown 
that these three genera, were capable of occult growth when 
inoculated into media having no recognisable carbon source (Table 53), 
although the numbers of cells involved did not always meet the usual 
microbiological definition of growth (as visible turbidity or colony 
formation). Such results would seem to indicate that it is improbable 
that the microbiological quality of dialysates could be markedly 
improved by modification of the carbon containing constituents.
The flora of waters and dialysates
Studies published between 1961-76 (Table 4) have shown that 
Acinetobacter, pseudomonas and Enterobacteriaceae were the commonest 
constituents of the dialysate flora, although the methods and 
nomenclature used in some of these studies, would probably seem to 
represent a wider range of genera to the non-microbiologist.
Table 36 shows the identity of 500 random isolates from dialysates 
in the Brighton unit; Acinetobacter, pseudomonas and Klebsiella 
. were the most frequent isolates, while Streptococcus, Micrococcus 
and Bacillus collectively represented less than three per cent, of 
these isolates.
A survey of dialysates from 25 renal units in 1977-78 (Table 49 ) 
also showed these genera to frequent constituents of the dialysate 
flora although Bacillus and Micrococcus were also frequently isolated.
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The frequency of Bacillus isolations was probably related to the 
fact that most of the dialysates in this survey were prepared in 
machines which contained pasteurising systems (Table 35). This 
in turn reflects the increased usage of pasteurising systems in 
recent years.
There would therefore seem to be general agreement that the 
flora of dialysates is principally composed of Acinetobacter, 
Pseudomonas, Klebsiella, Bacillus and Micrococcus. This being 
the case it would seem probable that the flora of dialysates is 
derived from the flora of the water used in their preparation, 
since these genera are known to be common in waters. The 
incidence of Acinetobacter and Pseudomonas in water is well re­
cognised (Baumann, 1968; Seyfried, 1976); Acinetobacter is known 
to colonise hospital equipment containing water (Garrity et al.,
1977; Smith and Massaniari, 1977); various species of Pseudomonas 
are known to survive or proliferate in aqueous solutions including 
disinfectants (Bassett et al., 1970; Burdon and Whitby, 1967;
Dixon et al., 1976; Frank and Schaffner, 1976; Phillips et al., 1971). 
Klebsiella are known to be widely distributed in natural waters. 
(Duncan and Razzell, 1972; Matsen et al., 1974), and Bacillus is 
known to be common in chlorinated mains waters (Windle Taylor, 1958).
Attempts were made to correlate the flora of waters and 
dialysates in the Brighton unit, by the use of selective and
:i -•
enrichment cultures. Table 23 shows 16 isolates obtained from the
waters used to prepare' dialysates in the Brighton unit; these have
morphological and biochemical characteristics which were
indistinguishable from those of 377 of 500 isolates obtained from 
Brighton dialysates (Table 45). One of these isolates (Acinetobacter)
was obtained from mains water while the remainder,were obtained from
softened water.
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A collection of 22 Klebsiella pneumoniae isolates from the 
Brighton renal unit were sent to the Coventry P.H.L.S. laboratory 
for serotyping (Table 6 0 ); one of these isolates which was 
obtained from softened water was found to belong to capsule type 
26, as were six of the twenty one isolates from dialysate.
Such results were interpreted as clear evidence that the 
flora of dialysates in the Brighton unit was originally derived 
from the waters used. The fact that certain bacterial biotypes 
found in dialysates were not recovered from water samples can be 
attributed to the fact that the equipment used in the haemodialysis 
process provides a large number of unique ecological niches; 
given a long period of time and contact with a large volume of 
water, these are likely to become colonised with specific bio­
types which are subsequently easy to isolate. By contrast ex­
perimental studies are of necessity limited both in time and the 
volumes of water sampled; it is therefore to be expected that some 
of the less numerous biotypes present in water will not be recovered.
a. Acinetobacter Although organisms corresponding to 
Acinetobacter have long been recognised (Beijerinck, 1911), this 
group of organisms has received relatively little study by medical 
microbiologists until recent years, and in the intervening period 
has suffered from a multiplicity of generic and specific synonyms 
(Black and Dorse, 1976). In recejit years comprehensive studies 
(Thornley, 1967; Baumann et al., 1968) have done much to standardise 
generic nomenclature. Some specific characteristics of Acinetobacter 
such as motility (Henrichsen and Blom, 1975; Barker and Maxted, 1975), 
saccharolysis (Henderson, 1967a), and urea hydrolysis (Henderson, 1967)
i
are difficult to demonstrate, and are the subject of controversy.
438
The difficulties encountered in detailed characterisation may be 
the reason why American literature (Buchanan and Gibbons, 1974) 
recognises only one species of Acinetobacter (A calcoaceticus), 
while English literature (Cowan, 1974) recognises at least two 
species (A. anitratus and A. lwoffi). Since the classification 
of the Acinetobacter genus seems to be provisional at the present 
time, no attempt has been made to place specific epithets to 
isolates from dialysate.
Detailed characteristics of dialysate isolates are given in 
Tables 37 and 54 . These show dialysate isolates to resemble 
A. lwoffi in lacking certain biochemical activity, but to resemble 
A. anitratus in growing on a range of media including Simmons 
citrate and bile salt media. Further comparative studies utilising 
lipid containing media (Table 55 ), failed to identify dialysate 
isolates completely with four N.C.T.C. cultures used as controls.
The production of lecithinase by fifty per cent, of dialysate 
isolates was a stable characteristic which was retained during 
four years storage in the refrigerator. The absence of lecithinase 
production by the remaining strains was associated with a spreading 
form of colonial growth (Figures 17 and 18); attempts to correlate 
this spreading growth with motility were unsuccessful. Likewise, 
attempts to correlate lecithinase production with haemolysis were 
unsuccessful, although such a relationship is claimed by Gilardi 
(1971). ~
An interesting characteristic of dialysate isolates was their 
segregation into large and dwarf forms on Simmons citrate medium 
(Figure 19). No reference to this phenomenon has been found in 
the literature, and it was not shown by A. anitratus (N.C.T.C. 7644) 
or a prototrophic isolate supplied by Warwick University (Table 55).
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It has been claimed that interspecific transformation may be 
demonstrated with a wide range of Acinetobacter isolates (juni,
1972). Attempts to transform an arginine requiring auxotroph to 
prototrophy by the use of DNA containing lysates obtained from 
dialysate isolates and N.C.T.C. strains of A. anitratus and 
A. lwoffi, were unsuccessful. This was interpreted as failure to 
establish genetic relationship between the isolates used.
b. pseudomonas Oxidase positive Gram negative bacilli were 
common to most of the waters, and many dialysates, sampled in the
course of the work leading to this thesis; most isolations
corresponded to Pseudomonas although some isolations of Aeromonas 
and Flavobacterium were made. In a collection of 500 isolates
" I
from the Brighton dialysates, 108 isolates corresponded to seven
species of Pseudomonas (Tables 38 and 39)* In a survey of dialysates
from twenty five renal units (Table. 49) 50 of the 148 isolates 
obtained corresponded to eight species of Pseudomonas. The range 
of Pseudomonas species isolated was unremarkable, being similar to 
the range known to occur in hospital environments (King and 
Phillips, 1978).
Many isolates showed unusual characteristics particularly in 
relation to motility and pigmentation; at least six biotypes of 
P. aeruginosa were found in the Brighton unit (Table 38) while 
most other species were represented by more than one biotype.
Waters from the renal unifs at Guy's Hospital and Canterbury 
yielded strains of P. aeruginosa which formed red pigments when 
grown on nutrient media (Ogunnariwo and Hamilton Miller, 1975) 
although they showed typical pigmentation when grown on special 
media (King et al., 1954).
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The presence of aberrent characteristics does sometimes 
make the identification of Pseudomonas species difficult, and 
this genus, like Acinetobacter, has until recent years presented 
many problems. However studies in recent years (Lysenko, 1961; 
Colwell, 1964; Wahba and Darrell, 1965; Stanier et al., 1966;
Brown and Scott Foster, 1970; King and Phillips, 1978) have 
produced improved methods of classification, characterisation, 
and identification. Some difficult isolates were identified by 
the Oxi/Ferm system; this is a commercially produced kit in which 
nine biochemical characteristics are used to identify isolates by 
use of a computer coded identification manual.
The isolation of Pseudomonas paucimobilis from the waters of 
a number of home dialysis units where patients were experiencing 
problems related to haemodialysis, was an interesting finding.
The distinctive cultural characteristics of this organism had led 
to its recognition prior to the definitive publication which 
established its identity (Holmes et al., 1977); these early 
isolates were referred to the N.C.T.C. who made the first 
identifications based on characteristics shown in Table 24.
Studies have shown that the growth and motility of Pseudomonas 
paucimobilis are much influenced by the presence of salts in the 
medium used (Figures 14, 20 and 21). When waters containing 
P. paucimobilis were used for viable counts in various media, 
counts were highest in those media which did not contain added 
salt (Table 25). This effect has not been mentioned in publications 
although the inimical effect of salt on the flora of fresh waters 
is well recognised (Leifson, 1962).
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Although the original isolations of P. paucimobilis were made 
from the waters of home dialysis units where patients were 
experiencing problems related to treatment, it has since been 
shown that this organism is common in mains and treated waters in 
the Brighton area (Table 26.).
p. Enterobacteriaceae Lactose fermenting species of Entero 
bacteriaceae were common in the dialysates of all of the renal 
units visited, although they were uncommon in mains and treated 
waters. Most isolates corresponded to Klebsiella pneumoniae 
(sensu lato) and Enterobacter cloacae, although Citrobacter freundii 
and Escherichia coli were also found. K. pneumoniae isolates 
were found to grow well in minimal media containing acetate, 
citrate or dextrose,, as a carbon source (Table 52 ) and occult 
growth was demonstrated in carbon free media (Table5 3 ). E. coli 
isolates were tested by the Eijkmann technique and found to be 
of non faecal origin.
. ' • i
In a collection of dialysate isolates from Brighton, 116 of 
500 isolates corresponded to Enterobacteriaceae (Table 36); they 
were often present in a dominant role in mixed cultures from 
dialysates containing nitrogenous waste. In a national survey of 
dialysates, Klebsiella and Enterobacter represented 14 of 148 
isolates obtained (Table 49). Studies conducted in 1974, 1977 
and 1978 indicated that these organisms were part of the permanent
!i
flora of Brighton dialysates (Table 6 l).
Enterobacteriaceae isolates were identified by the use of 
conventional test methods (Cowan, 1974) and the API 20 E system.
The nomenclature used is that given in the API Analytical Profile.
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Lack of correlation between results when K. pneumoniae isolates 
were tested for urease production by different methods was an 
interesting finding. Further studies have shown that the demon­
stration of urease production by this species is related to the. 
degree of aeration of the culture (Table 59 ). An exhaustive 
literature search has failed to reveal any reference to this 
phenomenon.
A selection of K. pneumoniae isolates from Brighton dialysates 
were typed by the Coventry P.H.L.S. laboratory; 22 isolates tested 
were found to belong to 4 capsular serotypes with 2 isolates un- 
typable. One isolate from water, was found to be indistinguishable 
from dialysate isolates (Table 60).
dL. Bacillus Spore forming aerobic Gram positive bacilli were 
commonly found in waters and dialysates, although they were usually 
present in small numbers only. Attempts to identify Bacillus 
isolates were frustrated by the possession of many characteristics 
which failed to correspond to definitions of species; many isolates 
had an odour and colonial morphology characteristic of Bacillus , 
cereus. v
Bacillus isolates were obtained from samples of dialysate con­
centrate (Table 29) and prepared dialysates ( T a b l e  33). Although 
such isolations were unusual in Brighton dialysate (Table 4 3 )f
\ ' i
they were very common in a survey of dialysates from other units 
(Table 49); the higher frequency in other units was associated 
with the preparation of dialysates in machines having a 
pasteurising unit.
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a. Micrococcus Isolates having characteristics of Micrococcus 
were obtained from many samples of water and dialysate (Tables 4 2  
and 49). Since they were always present in small numbers, no 
attempt was made to identify them at specific level, but many 
isolates had a yellow pigmentation characteristic of Micrococcus 
afermentans.
% Fungi Visits to other renal units provided much visible 
evidence of fungal infection in the environment. Fungal growth 
was particularly evident in moist situations such as the lids of 
water tanks and softeners, where colonies resembling Cladosporium 
were frequently present; this genus is known to be common in such 
situations (Rippon, 1974).
Fungi were isolated by direct plating of small volumes of 
haemodialysis waters (Table 27), indicating a high level of con­
tamination. Fungal colonisation of a water softening column 
(Table 15 ) and the hoses used to prepare dialysates (Table 67) 
were dembnstrated.
0  Amoebae Isolations of free living amoebae were made from 
many water samples (Table 27), being particularly frequent in tank 
stored waters having a high bacterial count. Since both fungi and 
amoebae were isolated from a pre-sterilised laboratory water
s o f t e n e r  ( T a b l e s  14 and 15) it was therefore assumed that such
; / . i .
organisms originated in the mains water. —
!i
No attempt was made to identify isolates, but variations in 
cell morphology suggested that several species were involved.
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cl. The clinical significance of water and dialysate flora
Examination of many samples of waters and dialysates used 
in haemodialysis failed to reveal the presence of any micro­
organisms which could be regarded as having a high pathogenic 
potential for man; other studies (page280) have indicated that 
pyogenic cocci are incapable of growth in dialysate.
However, most of the species present in the flora of dialysates 
and waters, are known to cause occasional disease in man, although 
the incidence of such disease is low. Such opportunistic infections 
are most likely to occur in patients with pre-existent disease; 
patients with kidney disease are more prone to infection than 
healthy subjects (Lawrence, 1965; Montgomerie et al., 1968;
Kauffman et al., 1975; Greene et al., 1976), and this susceptibility 
to infection is reflected in the higher incidence of diseases
V
such as endocarditis (Goodman et al., 1969) and tuberculosis 
(Pradhan et al., 1974) in haemodialysed patients. Susceptibility 
to infection may be a characteristic of the uraemic statb 
(Lawrence, 1965), and this characteristic may be potentiated by 
the administration of immunosuppressive drugs. Thus exposure to 
opportunistic pathogens may be particularly significant in patients
'i
who have recently received kidney homografts since they are 
normally treated concurrently by haemodialysis and high doses of 
immunosuppressive drugs (Morris, 1979). i
•!it
Acinetobacter infection, while uncommon, is well documented 
(Gardner et al., 1960; Thong, 1975). Infection following peritoneal 
dialysis has been reported (Goodhart et al., 1976).
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Infection due to Pseudomonas aeruginosa is well recognised/ 
and an outbreak of bacteraemia due to this species has been 
reported in a renal unit (Uman etal., 1976). Other species of 
Pseudomonas such as P. cepacia (Kuehnel and Lundh, 1976),
P. stutzeri (Lapage et al.# 1968), and P. putrefaciens (Holmes 
et al., 1975) are frequently found in clinical samples following 
infection (Gilardi, 1972). Although P. paucimobilis has pnly 
recently been described (Holmes et al., 1977) human meningitis 
due to this species has already been reported (Hajiroussou et al., 
1979).
Human infection due to Klebsiella is well recognised.
Experience has shown that careful interpretation is necessary 
when reporting the presence of K. pneumoniae in dialysates to 
renal unit staff, since they may tend to associate this species 
with lung disease rather than the environment.
Examples of infection due to Acinetobacter, Pseudomonas, and 
Klebsiella in haemodialysis patients, have been revealed by a study 
of case notes in the units at Brighton and Guy*s Hospital (Tables 
92 and 9 3). Although the incidence of such infections was below 
one per patient year in both units, it is possible that the true 
incidence is higher, since the routine laboratory methods used 
may be unsuitable for the isolation of some species of Acinetobacter 
and Pseudomonas. Even at the low incidence given, such, infections 
riiay present unusual difficulties since all three genera are 
associated with a high degree of antibiotic resistance.
Although species of Bacillus other than B. anthracis are not 
usually associated with infective disease in man, bacteraemia due 
to B. cereus has been reported (Barnham and Taylor, 1977) and have
1 ‘
been known to cause prolonged systemic disease in haemodialysis 
patients (Curtis et al., 1967).
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Many non-dermatophyte fungi are known to cause occasional 
superficial infections in man, and Cladosporium which appears to 
widespread in renal units, is known to cause skin infection 
(Rippon, 1974). S ome fungi are known to produce endotoxins 
(Hollingdale, 1977) and it is possible that their presence in 
dialysates might give rise to endotoxic disease.
Some species of free living amoebae such as Hartmanella are 
known to cause infection in man (Fowler and Carter, 1965), and 
such disease appears to occur most frequently in patients with 
pre-existant malignant disease or those who have received ionising 
radiations or immunosuppressive drugs (Willaert et al., 1978).
To date, such disease has not been reported in haemodialysis 
patients.
No examples of infective disease due to Bacillus, fungi or 
amoebae, were revealed by a study of haemodialysis patifents 
covering a period of 210 patient years of treatment (Tables 92 and 93).
e. Endotoxins, pyrexia and haemodialysis.
Endotoxins are of much interest in nephrology since it has 
been postulated that the primary lesion in renal failure may be 
the result of endotoxaemia (Wardle, 1975), and that endotoxins are 
the cause of pyrexial reactions during haemodialysis (Rbij et al.,
1973). The present study has confirmed that the flora 6 (f haemo­
dialysis waters and dialysates, consists mainly of Gram"negative 
bacteria which are the principal sources of endotoxin in nature.
Examination of dialysate samples from the Brighton renal unit, 
where patients enjoy uneventful haemodialysis, have shown a wide 
range of endotoxin concentrations (Table 84) which were similar to 
the concentrations found in the waters used by other patients who
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suffered pyrexia during haemodialysis (Table 85), Attempts to 
identify certain Gram negative bacteria as particularly potent 
sources of endotoxin, or demonstrate the release of excessive 
amounts of endotoxin after pasteurisation* were unsuccessful 
(Tables 8 6 and 87.). The passage of endotoxin through haemodialysis 
membranes could not be demonstrated (Table 89).
These jresults would seem to indicate that the high incidence 
of pyrexial reactions in certain renal units (Maher and Schreiner, 
1965; Robinson and Rosen, 1971) is not related to the presence 
of specific bacteria or high endotoxin concentrations in dialysates, 
or to the use of dialysates which have been pasteurised. However, 
since haemodialysis patients are known to develop high titre endo­
toxin antibodies after starting treatment (Gazenfield-Gazit and 
Eliahou, 1969), parenteral contact with endotoxin during the 
haemodialysis process, does seem to occur. Whether such contact 
takes place by passage through the dialysing membrane, has been 
the subject of much debate.
A series of 15 case histories of patients who were suffering
symptoms (mainly pyrexia) related to haemodialysis, are described
*
in the clinical section of this thesis. Two of these patients 
(cases 1 and 2 ) probably suffered bacteraemia due to the misuse of 
dialysers, and one patient (case 3) suffered pyrexia related to 
blood transfusion. The remaining patients were all_from units 
other than Brighton, and all had re-used dialysers; the waters 
used to wash out the blood compartments of dialysers which were to 
be re-used, were shown in many cases to contain large numbers of 
viable bacteria and high concentrations of endotoxin. If intact 
cells or endotoxin were retained within the dialyser after washing
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it out, this procedure would seem to provide a route for the 
introduction of endotoxin in to the circulation, which does not 
involve passage of endotoxin through the dialysis membrane.
One much favoured method of treating pyrexial reactions 
during haemodialysis is to detach the patient from the dialyser, 
and to circulate the residual blood through the dialyser for 
periods up to one hour; the patient is then reconnected to the 
dialyser and continues treatment, usually without accompanying 
pyrexia (Pavitt, 1978). The reason why this form of treatment is 
so effective is not known, but the process would seem to be related 
to the presence of a finite quantity of pyrogeriic material within 
the blood compartment, rather than continuous passage of such a 
material through the membrane.
While the re-use of dialysers is not sanctioned by the 
manufacturers or the D.H.S.S. (Gooch, 1977), this practice does 
result in considerable savings, which in turn permits more patients 
to be treated. Although the effectiveness of dialysers may be 
diminished by residual blood deposits adhering to the membrane and 
thus inhibiting molecular exchange (Kramer et al., 1972), it is 
known that approximately 70 per cent, of patients receiving 
haemodialysis therapy within the United Kingdom are re-using 
dialysers (Wing et al., 1978). A recent survey of 33 renal units 
in which dialysers are re-used has shown that pyrexia related to 
re-use is recognised in 13 units, and bacteraemia related to 
re-use has been seen in 2 units; no deaths attributable to re-use 
have been reported (Wing et al., 1978).
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Although several causes of pyrexial episodes during haemo­
dialysis are recognised, it seems likely that the majority of
these episodes are associated with the re-use of dialysers. To 
date no major microbiological study of the practice of re- using 
dialysers has been reported in this country, possibly because the 
practice has no official sanction. Such a study would seem to be
indicated at the present time.
T, Microbiological aspects of the Travenol R.S.P. haemodialysis machine
Microbiological investigations related to the design and use 
of the Travenol R.S.P. haemodialysis machines used in the Brighton 
renal dialysis unit have represented a major part of the present 
study; up to 1979, no other type of haemodialysis machine has been 
used in the Brighton unit except for demonstration purposes. No 
other major microbiological study of this type of machine has been 
published, up to the present time.
An R.S.P. machine is shown in Figure 7, and a functional 
diagram of the hydraulic circuit is shown in Figure 22. The machine 
contains many hydraulic components which are joined by plastic 
or rubber hoses held by Jubilee clips. The manufacturers issue 
no precise instructions for machine disinfection, but hypochlorite 
solutions were used for this purpose in the Brighton unit over the 
entire period of study. Investigations have shown that the 
capillary spaces formed when hydraulic-components were assembled, 
contain viable bacteria after hypochlorite disinfection (Table 65). 
Samples of residual water taken from machines immediately after 
disinfection and rinsing have shown no detectable hypochlorite (Table 71 
and were usually free from viable bacteria (Tables and 69); when 
such samples were taken several hours later, high bacterial counts 
were often recorded.
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Dialysate samples taken from the tanks of R.S.P. machines 
(Table 72) contained fewer viable bacteria than samples taken 
from the dialysing compartments (Table 75). Such results were 
to be expected since studies using a laboratory based machine 
showed that contamination levels of dialysate are elevated by 
the presence of nitrogenous waste ( T a b l e  63) and the dialysing 
coil (Table 64). '
Studies in which a single machine was sampled intensively 
during a working week, were conducted annually between 1974- 
1978. These have shown that the contamination levels of dialysates 
from R.S.P. machines were consistently high; actual contamination 
levels could be related to the time intervals between machine uses, 
and the storage of dialysate. (Table 75 ). More intensive use of 
machines, with shorter intervening periods of disuse, was reflected 
in the decreased levels of contamination seen from 1974-1978 
(Table 75).
Serial samples taken from dialysing compartments of R.S.P. 
machines while in use yielded interesting results. Samples taken 
at the start of treatment periods showed high bacterial counts 
which were related to pre-existent contamination of the residual 
water present; samples taken during mid treatment showed a decrease 
in the bacterial count due to the flushing effect of tank dialysate 
having a lower bacterial count; samples taken at the termination 
of treatment showed high bacterial county due to the establishment 
of rapid bacterial growth in the presence of nitrogenous waste. 
These results are shav n graphically in Figure 28, which also 
illustrates the summarised results of a five year period of study.
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g Environmental hygiene and haemodialysis
The first haemodialysis treatments given in Brighton were 
conducted in an operating theatre with full surgical asepsis; 
modern treatment with portable apparatus such as the Organon 
Teknika REDY machine (Figure 8 ) now make it possible to give the 
same basic treatment in a domestic lounge or hotel bedroom 
(Farrell et al., 1976), with minimal regard for the principles of 
asepsis. Visits to various renal units have revealed a range of 
environments between these two extremes, to be used for haemo­
dialysis treatments.
The standard of environmental hygiene in given units.is 
probably related to attitudes towards the risks of viral hepatitis. 
The high incidence of hepatitis B in renal unit patients and staff 
(Williams et al., 1974; Eastwood et al., 1968) has been the subject 
of many studies (Medical Research Council, 1975) which have related 
the risks involved to transfusion blood and kidney homografts 
(Snydman et al., 1976; Snydman et al., 1976a). The screening of 
of transfusion blood, and the blood of patients and staff, for 
serological evidence of hepatitis B, has dramatically reduced the 
incidence of this disease in British renal units (Public Health 
Laboratory Service, 1976).
Other precautions taken in order to prevent the spread of 
hepatitis in renal units included restriction of visitors, the 
use of protective clothing such as masks, gowns, gloves, surgical 
headwear, overshoes, and surgical boots, the restriction of eating, 
drinking and smoking, and restriction of other materials entering 
or leaving the unit. In one unit visited, pen and paper were not
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allowed into the treatment area, and notes made on paper provided 
inside, were photocopied at the exit and the original destroyed.
It is still common for laboratory samples to be sent in special 
containers labelled "Hepatitis - high risk", although the renal 
unit is the only area where all the patients are screened and 
therefore known to be hepatitis negative.
Although the risks of hepatitis in renal units has greatly 
diminished, many of the above precautions have been retained and 
ritualised, thus diverting resources from other problem areas.
The varying rituals observed in different units, all of which once 
had the same basic purpose, emphasise the need for a study in 
order to provide acceptable environmental standards for hospital 
and home dialysis units.
Hand sampling studies of renal unit personnel have revealed 
a high rate of carriage of organisms found in dialysate (Table 76); 
such carriage does not apparently occur on the skin of dialysis 
patients (Noble et al., 1974).
Air samples taken in the Brighton unit over a six week period
I *
failed to show evidence of aerial contamination by the dialysate 
flora (Table 77 ). Other workers have noted that Gram negative 
bacilli are susceptible to drying and do not survive in air
(Pettit and Lowbury, 1968).
■'i
In three renal units visited it was noted that intravenous
’i,
infusion containers were prepared for use, with the seal broken 
by the needle of the administration set, up to three days before 
their actual use. It is known that such needles have an attraction 
for skin scales, and are likely to become contaminated in the
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interval between removing the protective sheath, and insertion 
in the infusion container (Holmes and Allwood, 1977). Since the 
hands of staff who prepare such infusions, are known to be con­
taminated with dialysate flora which are capable of growth in 
non-nutrient solutions, this would seem to be a dangerous 
practice.
H, Indications for future research
There are many areas of haemodialysis which require micro­
biological research; the evolution of this form of treatment has 
been so fast that many innovations have been put into routine use 
before the basic research has been conducted; the re-use of dialysers 
is an example of this unique form of progress. Much present research 
is aimed at. making dialysis equipment smaller or more portable 
(Kolff, 1976) and it is not possible to forecast the nature of 
future haemodialysis equipment with any accuracy. .However, the 
following areas do at the present time seem to be worthy of micro­
biological research.
*
Studies aimed at the provision of an ideal environment for 
the practice of haemodialysis are needed, since it seems likely 
that at the present time, valuable resources are being wasted. The 
standards for such an environment will need to meet the require­
ments of patients and_staff as well as the dictates of epidemiology 
and hygiene. Different standards will be required for hospital 
and home units.
Indications for research into the waters used for haemodialysis 
have already been outlined; such research will need to take account 
of variations in local water supplies, as well as the many methods
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of using water in haemodialysis units. An acceptable standard 
for haemodialysis waters is required, but few hospital laboratories 
or water board laboratories appear to be interested in this 
problem. Acceptable levels of endotoxin in waters and dialysates 
need to be defined.
The relationship between endotoxins or other pyrogenic 
materials, dialysing membranes, and the phenomenon of pyrexial 
episodes during haemodialysis, needs to be explored. Although 
such episodes are limited in duration, they are extremely dis­
tressing for the patients concerned. Studies of such symptoms 
will require much more clinical information than is available at 
the present time, since detailed records of such episodes are
rarely kept.
"  i
Finally, there is an acute need for microbiological investi­
gations into the practice of re-using dialysers; such investigation 
might do much to influence the future practice of haemodialysis.
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A  m i c r o  t e c h n i q u e  f o r  e n d o t o x i n  a s s a y  b y  t h e  L i m u l u s  l y s a t e  m e t h o d  i s  d e s c r i b e d ,  i n  w h i c h  1 0  f d  
v o l u m e s  o f  r e a g e n t  u s e d  o n  m i c r o s c o p e  s l i d e s  r e p l a c e  t h e  m o r e  u s u a l  1 0 0  f d  v o l u m e s  u s e d  i n  t e s t  t u b e s .
T h e  t e c h n i q u e  o f f e r s  a  c o n s i d e r a b l e  s a v i n g  o f  t e s t  r e a g e n t ,  p a r t i c u l a r l y  i n  q u a n t i t a t i v e  w o r k  i n  w h i c h  
s e r i a l  d i l u t i o n s  o f  e a c h  s p e c i m e n  a r e  t e s t e d .  T h e  t e c h n i q u e  m a y  a l s o  b e  u s e d  t o  d e t e c t  e n d o t o x i n  o n  t h e  
s u r f a c e s  o f  m e d i c a l  a n d  s u r g i c a l  e q u i p m e n t .
Introduction
The Limulus amoebocyte lysate (LAL) test uses a reagent prepared by lysis of the 
amoebocyte blood cell of the horseshoe crab, Limulus polyphemus; the reagent is available in 
frozen or freeze dried form from several suppliers in the U .K .1 The test is normally carried 
out using 100 p.1 volumes of reagent and test material in a test tube, incubating at 37°C, 
and then gently inverting the tube until the presence of endotoxin is indicated by gelation 
of the mixture. Spectrophotometric methods of reading the altered optical qualities of 
positive tests have been described2’ 3 and are said to increase the sensitivity of the test. A 
microtechnique using smaller volumes on a microscope slide has been described 
previously,4 but does not seem to be widely known, or used: the technique described is 
based on that of Frauch, but the method of reading tests has been modified.
In the past, endotoxin assay has traditionally been carried out by the rabbit pyrogen 
(fever index) test using the protocol described in the U.S. Pharmacopoeia, but this test is 
both expensive and difficult to perform, and its use has largely been restricted to 
commercially produced pharmaceutical products. The reduced cost and simplicity of the 
LAL test has expanded the uses of endotoxin assay, and methods have been described for 
testing of water,5 meat 6 and pharmaceutical products,7 including radiopharmaceuticals 
which m ay be unsuitable for cultural tests of contam ination.8 Clinical uses of the LAL test 
applied to cerebro spinal fluid,9 urine,10 and blood,11 have been described; serum assay is 
complicated by the presence of natural inhibitors of the test, and the usefulness of serum 
assay has been disputed.12
The sensitivity of the LAL test is greater than that of the rabbit pyrogen test13 and it is 
more specific for endotoxin since it does not detect chemical agents which are known to 
give a response in the rabbit test. The ability to detect levels of endotoxin which are too low 
to cause pyrexia in man, combined with inability to detect chemical pyrogens, may make 
the LAL test unsuitable as a standard procedure for testing pharm aceutical products. It is, 
however, widely used as a screening test in the m anufacture of pharmaceuticals. Most LAL 
tests will detect 1.0 ng per cm 3 of endotoxin, but the activity of purified endotoxins 
prepared from different bacterial species may show variation.
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The microtechnique was developed for the assay of endotoxin in haemodialysis fluids, 
and the detection of endotoxin on the surface of membranes used in artificial kidneys. 
Membranes were tested by stretching them  over a circular glass ring to make a tambour, 
which was then used in the same m anner as a microscope slide.
Endotoxins are ubiquitous, and most laboratory containers, equipment and reagents 
must be assumed to be contam inated with them until proven otherwise. Endotoxin activity 
in glassware may be destroyed by heating to 200°C.
Materials and Methods
All re-usable glassware was soaked in a hot 2%  solution of Lipsol detergent before 
sequential rinsing in tap water, distilled water, and pyrogen free water B.P. It was then 
sterilized in an oven at 200°C for 2 h to destroy any residual endotoxin.14 Disposable sterile 
glass one ounce bottles15 were found to be suitable for use without prior treatment.
Glass microscope slides used in the micro technique were washed as described above, but 
were heated in a bunsen flame just prior to use. PTFE coated multispot microscope slides16 
were treated in the same manner, being heated until the coating was just slightly 
discoloured. Capillary tubes, 75 x 1.5 m m 17 were used to read slide tests.
Sterile plastic pipettes18 and plastic tips for automatic pipettes were used once without 
prior treatment. Disposable plastic test tubes, 7 5 -1 2  m m 19 were used to prepare dilutions 
without prior treatm ent. All disposable plastic-ware tested to date has been found to be free 
from detectable endotoxin which, if present in the component materials from which they 
arc made, is presumably destroyed in the heat moulding processes of manufacture.
Sterile water for injection20 was used for rinsing, preparation of dilutions, and for 
reconstitution of the freeze dried Limulus reagent. For convenience of use, pyrogen free 
water was aseptically dispensed in disposable one ounce bottles which were then 
autoclaved.
Limulus reagent was purchased in 50-test kits,21 which contain a supply of pyrogen free 
test tubes and a standard endotoxin preparation for control purposes. The test reagent is 
freeze dried, but the reconstituted product may be kept for at least two weeks in the deep 
freeze without apparent loss of activity.
Tube tests
These were originally carried out using the protocol supplied by the manufacturer, 
requiring 100 fxl of reagent per test. Subsequent experience has shown that 50 fd volumes 
can be used but that below this volume false positive tests may be seen due to adherence of 
the small volume of reagent to the bottom of the tube. In  the modified test, 50 fd of reagent 
and test material was placed in an endotoxin-free tube and incubated for 1 h; the test was 
then read by gentle inversion of the tube in order to reveal the gelation seen in positive 
tests. Negative water controls, and positive controls, containing 50 ng per cm 3 endotoxin, 
were used with each batch of tests.
Micro technique
Wells in which tests may be carried out were made by dipping the end of a warm 9 mm 
glass tube into sterile paraffin molle album 22 and impressing it upon the surface of an 
endotoxin-free microscope slide (Fig. 1). Alternatively the wells of a PTFE coated slide 
may be used if available. Test wells may be made on the surface of equipment to be tested 
for endotoxin contamination, provided such equipment is small enough to be placed in the 
incubator.
T en [jd volumes of Limulus reagent was placed in each well and 10 jxl volumes of test 
m aterial added, mixing with the tip of the autom atic pipette as each addition was made.
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Fig. 1. Test wells prepared on a microscope slide by using a w arm  glass tube and sterile paraffin.
Fig. 2. T he tilted slide shows two positive and two negative tests. T he negative tests can be seen to lean to one 
side of the well.
rh e  slide was then placed in a wet chamber, made by placing wet filter paper in the base of 
a large assay dish. In order to minimize evaporation a petri dish lid was placed over the 
slide to form a double insulating layer; if the wet cham ber is kept at 37°C this double 
insulation prevents condensation on the inner petri dish lid by virtue of its constant 
temperature.
Tests were incubated for 1 h and read by three methods. The slide was first gently 
tapped at one side while being held in a good light, when negative tests could be seen to 
vibrate. The slide was then tilted to 45°, when negative test mixtures could be seen to run to
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Fig. 3. A positive and negative test m ade on a PTFE  coated slide. T he negative test can be seen to rise higher in 
the capillary.
the edge of the ring while positive tests were immobile (Fig. 2). Finally, the end of a glass 
capillary tube held vertically was placed in the centre of the ring, when the test mixture 
was drawn into the capillary to a height which was proportional to the viscosity (Fig. 3). 
Positive tests rose up to 4 mm, while negative tests rose over 6 mm, and completely negative 
tests (such as the control) rose to 10-12 mm. The range from 4—6 mm was regarded as 
equivocal. In almost all cases the results obtained from reading tests by the three different 
methods were the same. The capillary method of reading tests requires less experience, and 
was applicable to tests carried out on the surfaces of equipment to be tested for endotoxin 
contamination which may present difficulties when optical reading is used.
Results
Results of tests by the micro technique and tube tests have shown complete correlation with 
negative and frankly positive samples. W hen serial dilutions of a specimen are tested for 
quantitative purposes equivocal results are often obtained at the end point, at a frequency 
which is inversely proportional to the magnitude of the dilution steps used. A 10-fold 
dilution series in pyrogen-free water is suitable for quantitation, and if smaller dilution 
steps are used there is difficulty in determining the end point. Table 1 shows the results 
obtained when a doubling dilution series prepared from the standard endotoxin is used to 
prepare tests of each dilution; at the end point of 1 : 6400 tests made from the same dilution 
may be recorded as positive, negative, or equivocal, and the results obtained by visual and 
capillary methods of reading show poor correlation. Expense has prohibited repeating this 
experiment by the tube test, which would cost approximately one hundred pounds for LAL 
reagent.
The slide test has now been used for two hundred assays on mains waters, treated waters, 
and dialysates used in artificial kidneys. Variations in endotoxin content from 0-50,000 ng 
per cm 3 have been demonstrated, and changes in endotoxin content of waters and 
dialysates resulting from alteration and servicing of water treatm ent plants have been easy
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T A B L E  1
Ten tests have been made by the slide technique, on each o f  a doubling dilution series o f  endotoxin standard. Results obtained by 
visual inspection o f  slides are recorded + ,  +  o r —. Results obtained by the capillary method o f  reading are recorded in mm.
T e s t
1 / 4 0 Q 1 / 8 0 0
D i l u t i o n s  o f  E n d o t o x i n  s t a n d a r d  ( 5 0 0  n g / c m 3  
1 / 1 6 0 0  1 / 3 2 0 0  1 / 6 4 0 0  1 / 1 2 , 8 0 0
)
1 / 2 5 , 6 0 0 N e g a t i v e
c o n t r o l
1 +  3 +  3 +  2 +  4 ± 5 - 9 - 9 - 1 1
2 +  4 +  2 +  2 +  4 - 6 - 8 - 1 0 - 1 2
3 +  3 +  2 +  3 +  3 - 5 - 9 - 9 - 1 1
4 +  2 +  2 +  3 +  5 ± 5 - 8 - 1 0 - 1 1
5 +  2 +  3 +  4 +  4 +  4 - 8 - 1 0 - 1 0
6 +  2 +  3 +  3 +  4 - 7 - 9 - 1 0 - 1 0
7 +  3 +  4 +  3 +  4 - 5 - 1 0 - 9 ; - 1 1
8 +  4 +  3 +  4 +  3 ± 6 - 9 - 1 0 - 1 1
9 +  2 +  2 +  5 +  5 - 6 - 9 - 1 1 - 1 1
1 0 +  3 +  2 +  2 +  3 ± 4 - 8 - 8 - 1 0
S u m m a r y
P o s i t i v e 1 0 1 0 1 0 1 0 1 0 0 0
E q u i v o c a l 0 0 0 0 4 0 0 0
N e g a t i v e 0 0 0 0 5 1 0 1 0 1 0
M e a n  r i s e  ( m m ) 2 . 8 2 . 6 3 . 1 3 . 9 5 . 3 8 . 7 9 . 6 1 0 . 8
to follow. Samples from other renal units have been filtered through a Millex 0.22 [xm 
disposable filter unit,23 into sterile endotoxin-free tubes, before posting; negative results 
from renal units using reverse osmosis plants to obtain endotoxin-free waters have 
confirmed the validity of this method of transmission. Experimental work has shown that 
no loss of soluble endotoxin results from filtration.
The micro test has shown that while the surfaces of unused plastic petri dishes24 are free 
from detectable endotoxin, they become endotoxic after 1 min exposure to solutions 
containing 50 ng/cm3 endotoxin, followed by a single rinsing in pyrogen-free distilled 
water, and drying.
Demonstration of endotoxin in used haemodialysis membranes has been achieved by 
stretching them over a glass ring to make a tam bour, and impressing vaseline rings upon 
the surface. The test is difficult to perform since the membranes must be free from visible 
moisture, but wet enough to avoid absorbtion of test reagents applied to them. H ydration 
of the membrane m ay cause wrinkling of the surface which makes usual methods of reading 
-the test unreliable, and it was principally for this reason that the capillary m ethod of 
reading tests was developed. All samples of unused m embrane tested have been found free 
from endotoxin.
Discussion
The reagent as purchased is subject to batch variation, and the manufacturers claim a 
minimal activity for all batches, which may sometimes be exceeded. Standardization may 
be achieved by preliminary titration of the control endotoxin supplied, after which batches 
of reagent giving unusually high results may be diluted to standard sensitivity; this will 
provide additional volumes of reagent for future tests. However, in this laboratory all 
batches of reagent have been used at a standard dilution regardless of activity, but tests 
have been made in parallel with control endotoxin titrations and results calculated by 
comparison of test and control titrations. This method of standardizing results eliminates 
errors arising from variation in the incubation time. Prolonged incubation up to 2 h results 
in a slightly increased sensitivity of both tube and slide tests, but the latter may suffer from 
the effects of evaporation.
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The slide test will detect approximately 0.5 ng/cm 3 of endotoxin, dependent upon the 
sensitivity of a given batch of LAL reagent. This sensitivity is comparable with that given 
in most publications where LAL tests have been used.
At current prices a 50-test kit of LAL reagent costs just under £100, and a series o f five 
10-fold dilutions tested for quantitative purposes would cost £10  per specimen. W hile this 
cost is considerably less than that of the rabbit pyrogen test, it is sufficiently high to limit 
widespread usage of the LAL test in clinical laboratories. By contrast, the micro technique 
can be used for quantitation at a cost of £1 per specimen, and without loss of sensitivity; 
this cost is comparable to that of m any other tests used in the routine laboratory.
The ability to perform tests for endotoxin on equipment and materials which should be 
endotoxin-free may have applications in other areas, such as the membranes used in 
cardiopulmonary bypass, and prosthetics and other surgical materials which are to be 
implanted in the tissues.
I  a m  i n d e b t e d  t o  D r  B .  E .  W a l l a c e  a n d  D r  B .  T .  T h o m  f o r  h e l p  a n d  e n c o u r a g e m e n t  w i t h  t h i s  w o r k ,  a n d  t o  M r  
P .  C a r l i n g  o f  M a l l i n c k r o d t  ( U . K . )  L t d . ,  f o r  i n f o r m a t i o n  o n  t h e i r  p r o d u c t .
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